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Cover Graphic: Extent of ET production for southeast Idaho (Landsat path 40) showing higher growing season
evapotranspiration as bright green.
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1. Introduction

This report provides a description of the procedwed products used during processing of
satellite, weather and land-use data for the sagteen and southcentral portions of Idaho to
produce spatial maps of monthly evapotranspiraf6n) for the Eastern Snake Plain Aquifer
(ESPA) region and surrounding areas in near rea fior provisional and final monthly and
seasonal products . The provisional and final pctsluepresent estimated evapotranspiration
information presented at 30 m resolution in thenfaf ET (mm per month) and also presented as
a fraction of reference evapotranspiration fg§ based on the alfalfa reference crop. The Landsa
scenes lie along the USGS World Reference Systémi2S-2) paths 40 and 39 and cover WRS-
2 rows 29 and 30. In addition, a portion of WRS® B1 was included for both paths to complete
the production of data for all areas north of tbhateern Idaho state line. Rows along each path
were combined into a single mosaic for the patbrgo processing.

For this application, provisional ET and ETrF protuwere generated in near real time
during 2016. When a useful Landsat image was &laildt was processed in “near-real-time”,
generally within 3 to 4 days of adquisition times 2016 progressed, provisional monthly ET and
ETrF images were produced and were made availabl®WR within the first week of the
following month. The provisional monthly ET, EETand ET maps were considered to be
provisional products because they were developed adimited amount of satellite images, gross
cloud masking, without filling of clouded portion$ images, using forecasted ETinformation,
and using linear interpolation as part of the timtegration process. Usually, a monthly ET image
requires the use of satellite images correspormi@nly to the month itself; but also to prior and
subsequent months to best describe the evoluti&T @aused by the development of agricultural
crops. For example calculation of ET for the mooittMay needs at least one clear image during
April and during June for best estimates.

The final monthly and seasonal ET andEEproducts that were processed after the end of
the 2016 growing season are based on a complete saages for the season that have been
sharpened (L8), accurately cloud filled and reviévier spatially appropriate EF values by
personal not involved in the calibration processthe final image review, some images were
discarded because they were judged to be too clmugsovide for accurate cloud filling. During
the interpolation process, a cubic spline is usednterpolate between image dates using a
customized dampening function to closely follow ected vegetation growth and ET behavior.
The resulting monthly products for the two paths also compared with each other in the path
overlap area. If substantial differences in ETrawted for the overlap area, the monthly images
are adjusted. This adjustment procedure can ievadljusting the monthly product for both paths
or for only one path. Usually differences in ETVbe¢n paths occur because of differences in
background evaporation from soil that is causeditfigrences in image dates for the two images
and their proximities to antecedent precipitativargs. Adjustment usually focuses on adjustment
to ET for low vegetation pixels.

ET was produced using the METRIC model developethbyUniversity of Idaho (Allen et
al. 2007a,b; 2011). The METRIC procedure utilizesbke, near-infrared and thermal infrared
energy spectrum bands from Landsat satellite imagdsveather data to calculate ET on a 30 m
pixel by pixel basis. ET is estimated from a susf@nergy balance, where net radiation at the
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surface (R), comprised of both both solar and thermal radmgtis partitioned into ground heat
flux (G) and sensible heat flux (H) and ET. Theaut of topography of the region on the surface
energy balance is incorporated into METRIC viagitdl elevation model (DEM), and is used to
account for impacts of slope and aspect on sothatian absorption and impacts of elevation on
surface temperature. The surface energy balanbERRIC was uniquely calibrated for each
image date using ground based meteorological irdton and identified ‘anchor’ or ‘endpoint’
conditions (the cold and hot pixels of METRIC) mesin each image. A detailed description of
METRIC can be found in Allen et al. (2007a,b; 2011)

Figure 1 shows the domain of the Landsat imagesegsed by METRIC for year 2016. The
figure shows a ‘false composite’ of bands 2, 3 dndlandsat 7) and 3,4,5 (Landsat 8), where
‘green vegetation’ displays as a red color. Fovegetation in mountainous areas show as a dark
red color and broadleaf vegetation, including agtical crops, generally show as a light red color.

Figure 1. Left: False color composite of path 40 Landsahdge, rows 29, 30 and the upper portion of 31, for
04/20/2016. Right: Landsat 8 path 39, rows 29,r803i, for 03/20/2016.
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2. Image Selection and pre-processing

Imagery from Landsat satellites is utilized in MBTRdue to the relatively high resolution
of 30 m and the presence of a thermal band. Tha 8&solution provides ET information at the
sub-field scale, which is important for agricultursater management and for water rights
management. The thermal information permits apptinaof a surface energy balance that is able
to determine ET under both well-watered and steessaditions. For 2016, images from both
Landsat 8 and Landsat 7 satellites were proceksedsat 7 was launched in 1999. Landsat 8 was
launched in February 2013.

Landsat 7 images acquired after May 2003 are lesfenped than from Landsats 5 and 8.
This is due to an anomaly with the Landsat 7 seethused by the malfunction of the scan line
corrector (SLC-off) beginning in May 2003. As a sequence, Landsat 7 images processed for
year 2016 are “SLC-off” images that contain wedgaped gaps extending from the edges of the
image and stretching towards the centers, as shatenin Figure 4. The gaps in ETmaps
produced by METRIC from Landsat 7 were filled irridg post processing as a standard part of
METRIC processing using the natural neighbor tdd\e-GIS.

An important criterion for image selection is asessment of cloud conditions at the time of
the satellite overpass. The clearness of the atn@osps impacted by clouds, including thin cirrus
clouds, and jet contrails, smoke and haze. Theroegce of these conditions over an area of
interest can render that part of the image unusfblerocessing in METRIC. Even very thin
cirrus clouds can indicate lower surface tempeeatban the actual ground surface. Because
METRIC uses surface temperature estimates to slodvenergy balance, areas having cloud cover
create error in the ET estimates. In addition, @reaently shaded by moving clouds may appear
to be cooler than other sunlit areas because thegg hot yet reached a thermal equilibrium
corresponding to the clear sky energy loading. s€hereas adjacent to clouds and shadows are
generally also masked out of the processed imageseplaced with information from other image
dates, as described later. Initial cloud assessmas done by viewing Landsat preview images
at http://glovis.usgs.govand noting the amount of cloud cover in the imaggnecially over
irrigated regions in the scene. Special prefereva® given for clearness over irrigated areas of
the study area.

Landsat images were downloaded from the USGS weelsihttp://glovis.usgs.gov/ . A total
of 17 Landsat image dates were selected for METRIEessing for path 40, and 13 Landsat
images were processed for path 39 according tondea of the images over irrigated areas and
the date of the image relative to other imagesrtmlyce the provisional monthly products for
April through October 2016. These dates are listethable 1.

A total of 30 Landsat dates were processed fotwloepaths over the March-October 2016
period to develop the provisional monthly and seab&T and EW products. For the final
monthly and seasonal ET and:ETproducts, 29 Landsat image dates were proce3sduie(1).
The June ¥ images for Path 40 were judged to be too cloudfilliowith filling results too
uncertain to be useful.
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Table 1. Dates of the Landsat 8 and 7 satellitqgevaised for METRIC processing in 2016.

# Path 40 Image Type Path 39 | Image Type
1 03/19/2016 L7 ETM+ 03/20/201p L8 OLI-TIRS
2 04/12/2016 L8 OLI-TIRS 04/05/2016 L8 OLI-TIRS
3 04/20/2016 L7 ETM+ 04/21/201p L8 OLI-TIRS
4 05/30/2016 L8 OLI-TIRS | 05/31/2016 L7 ETM+
5 06/07/2016 | L7 ETM+ ** 06/08/2016| L8 OLI-TIRS
6 06/23/2016 L7 ETM+ 06/24/201p6 L8 OLI-TIRS
I 07/01/2016 L8 OLI-TIRS | 07/02/2016 L7 ETM+
8 07/09/2016 L7 ETM+ 07/18/201p L7 ETM+
9 07/17/2016 L8 OLI-TIRS | 07/26/2016 L8 OLI-TIRS
10 07/25/2016 L7 ETM+ 08/03/2016 L7 ETM+
11 08/02/2016 L8 OLI-TIRS | 08/19/2006 L7 ETM+
12 08/10/2016 L7 ETM+ 09/20/2016 L7 ETM+
13 08/18/2016 L8 OLI-TIRS | 09/28/2016 L8 OLI-TIRS
14 09/11/2016 L7 ETM+
15 09/19/2016 L8 OLI-TIRS
16 09/27/2016 L7 ETM+
17 10/21/2016 L8 OLI-TIRS

[(MImage considered to be too cloudy to fill for final product.

There were no viable Landsat and VIIRS (Visiblerdinéd Imaging Radiometer Suite) images
for the month of October for Path 39. Landsat (@ @nhimages were considered to be too cloudy
for processing.

DEM and Land Use maps used for METRIC processing

Other basic input files needed during METRIC preosg, besides the satellite images,
include a Digital Elevation Model (DEM) and LandaJd.U) images. The DEM is used during
METRIC processing to adjust surface temperaturelafise effects caused by elevation variation.
In addition, maps of slope and aspect (aspecteic#ndinal direction of an inclined surface) are
derived from the DEM at 30 m resolution and areduseestimate solar radiation on slopes and in
defining aerodynamics of heat convection in mounstail he slope and aspect images were created
using the tools of the ERDAS Imagine processingesydased on the DEM. ERDAS IMAGINE
is a image processing application produced by ERB#Sjeospatial applications, particularly
from satellite. The version used in this study Weas2013 version 13.0.2. ERDAS IMAGINE is
aimed primarily at geospatial raster data procgssERDAS contains a ModelMaker toolbox that
provides for scripting of the image processing powre. This procedure was used to develop the
METRIC code.

A land use (LU) map was used to support the esiomaif aerodynamic roughness and soil
heat flux during METRIC processing. The NLCD (Mai@l Land Cover Database, 2011) Land
Use map and the DEM (30 m resolution) data setse vabtained from the USGS-seamless
webpagelittp://seamless.usgs.gdv/
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3. The METRIC Model

METRIC™ (Mapping Evapotranspiration with high Ragain and Internalized Calibration)
is an ERDAS coded model that bases the ET estioratbe evaluation of the energy balance at
the earth’s surface. METRIC™ processes instantaemuotely-sensed digital and weather data
and estimates the partitioning of energy into nebiming radiation (R, heat flux into the ground
(G), sensible heat flux to the air (H), and latesat flux (LE). The latent heat flux is computed as
a residual in the energy balance, represents taggiconsumed by ET:

LE=Rn-G-H (1)

where LE=latent energy consumed by Efsfet radiation; G=sensible heat flux conducted into
the ground; and H=sensible heat flux convectedhé¢oair. The main advantage of using energy
balance is that actual ET is computed, rather #haotential ET that is based on amount of
vegetation, so that reductions in ET caused bytaper of soil moisture are captured. A
disadvantage of the energy balance approach eindmplexity of calculations and the need for
human oversight during calibration. In traditioapplications of energy balance, the computation
of LE is only as accurate as the summed estimatds,fG, and H. METRIC employs a calibration
strategy to overcome this disadvantage by focusiagnternal calibration on LE, with H used to
assimulate intermediate estimation errors and biase

METRIC™ utilizes spectral raster images from trabie, near infrared, and thermal infrared
energy spectrum to compute the energy balance piredby-pixel basis. In METRIC, Ris
computed from the satellite-measured narrow-banfleatance and radiometric surface
temperature; G is estimated from, Radiometric surface temperature, sensible heat dnd
vegetation indices; and H is estimated from surteceperature ranges, surface roughness, and
wind speed using buoyancy corrections. Figure 2vsha general schematic of the METRIC
process.

METRIC is calibrated uniquely for each image date do the unique surface temperature
conditions occurring on each image date and chgngeather conditions including wind speed
and air humidity. The main objective of calibratigrthe production of accurate estimates of ET
from lands having agricultural production. Thiglene because of the generally high importance
of ET from agricultural areas. Calibration settifigsus on agricultural areas because of their more
uniform and predictable behavior which improves dlseuracy of the calibration of the sensible
heat flux function of METRIC. The calibration of B RIC automatically transfers to other land
use types in an image, including forest and ramgkla

METRIC version 3.0 was used for the Ul processifigg 3.0 version was produced by the
University of Idaho in 2013-16. A detailed desaoptof METRIC can be found in Allen et al.
(2007a,b; 2008).

5 | Evapotranspiration in Southern Idaho during 2016---- METRIC



QA/QC Weather Data
Land Use Map,
Reference ET

Satellite
Image

|

Surface Temperature Sensible
NDVI, albedo. etc |, Heat Flux,

DEM

Solar Radiation
Computation /<=

H
Net Radiation > Soil Heat Flux,
Flux, Rn G

Surface Energy Balance
Computation

| Reference
ET
Evapotranspiration Maps,
ET
METRIC PROCESS SCHEMATICS ckelly,2013

Figure 2. General schematic of the METRIC process.
4. Weather data processing

METRIC utilizes alfalfa reference ET (i.e., BTas calculated by the ASCE standardized
Penman-Monteith equation (ASCE-EWRI 2005) for aalilon of the energy balance process and
to establish a daily soil water balance to estimegelual soil evaporation from bare soil following
precipitation events (Allen et al. 2007a). RefeeRd represents a near maximum rate of ET from
full vegetation cover that is not short of soil efat The rate of reference ET is largely limited by
the amount of energy available from the sun ancbaading air to convert liquid water to vapor.
The ET is used as a means to ‘anchor’ the surface ermaignce by representing the ET from
locations having high levels of vegetation and eoshdiometric surface temperatures. High
quality estimates of ETare needed, which, in turn, require high qualisather data. Therefore,
before processing the satellite images, the quahty accuracy of the meteorological data were
assessed. For near real time processing only engmaty assessment is performed because time
series trends are not available for the entire.year
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Hourly weather for calibration

Hourly weather data time steps are needed to repir&S; at the time of the Landsat overpass
for calibration of the METRIC energy balance estiora process. ETwas calculated using the
RefET software (version 3) of the University of haa(Allen, 2011). RefET is a Visual Basic
program distributed freely by the University of lhaa It is designed to read weather data for hourly
or daily timesteps and calculate reference ET ugingmber of selected methods. RefET includes
the ASCE standardized Penman-Monteith equation acclrately produces standardized
reference ET estimates for both alfalfa and grafsence surfaces.

Hourly data from weather stations in each path weeesduated for use with paths 39 and 40.
The stations selected (Aberdeen in path 39 and Rails-Kimberly in path 40) are operated by
the Pacific Northwest Cooperative Agricultural Netw (AGRIMET) of the US Bureau of
Reclamation. The coordinates and characteristitheofneteorological stations are presented in
Table 2.

Table 2. Characteristics of the weather statioesl tisr calibration of METRIC in 2016.

Elevation Institution in
Station Latitude Longitude (m) charge Path
Aberdeen | 42°57'12] 112°49 36 1341 AGRIMET 39
Twin Falls-| /50 35, 460 | 114° 20" 437 1195 AGRIMET 40
Kimberly

Sourceshttps://www.usbr.gov/pn/agrimet/location.html

Daily weather data for ET: surfaces.

Daily ET; surfaces are required in the METRIC process tceldgvdaily ET from the
interpolated EWF images, that is then used to compute montly aadanal ET. The daily ET
surfaces are interpolated using point reference dalculated using meteorological data
downloaded from automatic weather stations. Thef&Teach automated weather station was
calculated using the ASCE standardized Penman-Mbrequation with coefficients for alfalfa
reference ET.

The near real time daily EBurfaces for the area are based on meteoroladggtalobtained
from 66 automatic weather stations in and surraupdihe area described in Appendix A. The
meteorological data sets were not quality contdofter the provisional METRIC products that
were produced in near-real-time. The final daily &urfaces were based on quality reviewed and
adjusted meteorological data from 60 AWS statioiitie daily surface estimates of Efere
generated from automated weather stations lyindaho, Neveda, Utah, Wyoming and Montana
using a natural neighbor and a spline methodsataiin ArcGIS at a 3km resolution.

Using a daily soil water balance model for METRIC calibration.

An hourly and daily soil water balance was appteethe 2016 period using precipitation and
ET, data from the Twin Falls Agrimet weather station fpath 40 and for the Aberdeen Agrimet
station for path 39. The water balance estimatig sidual evaporation from a bare soil surface
as shown in Figures 3a and 3b. The soil water balas based on the two-stage daily soil
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evaporation model of the United Nations Food andidddfure Organization’s Irrigation and
Drainage Paper 56 (Allen et al 1998). The proceeunploys the skin evaporation enhancement
of Allen (2011) that increases the magnitude ofpevation spikes following light precipitation
events. Figure 3a shows a simulation of evapordtmm the upper 0.15 m of soil at Twin Falls.
The residual evaporation is used during assignmkeatvalue to the hot pixel condition for each
image date. Figure 3b shows a simulation of evamor&rom the upper 0.15 m of soil at Aberdeen.
The precipitation and wet soil conditions for p&hduring the month of October are shown in
Figure 3b.

Water balance for bare soil from Daily Steps- Twin Falls Agrimet
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Figure 3a. Daily ETF for bare soil estimated from the soil water baéafor 2016 using weather data from the Twin
Falls Agrimet weather station.
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Figure 3b. Daily ET,F for bare soil estimated from the soil water baetéafor 2016 using weather data from the
Aberdeen Agrimet weather station.

The daily soil water balance is included in the NEECT calibration spreadsheet as an essential
and routine calculation used during image calibrati Usually a one year-long set of daily.ET
and precipitation data are input to the sheet. gdmeral soil type for the top 0.10 to 0.15 m of
soil is indicated along with field capacity and tvigy point values and an estimate of the readily
evaporable water (REW). The REW value is provided table in the METRIC manual for a
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variety of soil textures. Standard coefficientsgkin layer retention efficiency suggested by Alle
(2011) were used.

The FAO-56 evaporation model typically reduces Eig- value, also termedKfor bare
soil to zero after five to ten days of drying, degieg on the time of year and soil characteristics.
However, in reality, a typical bare agriculturallszan be expected to continue to evaporate at a
small rate beyond the first several weeks of drylng to diffusion of liquid water and vapor from
beneath the upper soil layer (Allen 2011). Thispsration can continue at very low rates for
several additional weeks, provided no new wettivenés occur, especially from tilled soils that
have a moderate amount of water stored withinaeiigosofile. This is typical of agricultural soils
Therefore, the EF for the hot pixel is often set to 0.10 when tlo¢ pixel is selected from an
agricultural area where stored water is likely ®advailable from the subsoil (below 0.15 m).
When periods of about 30 days or longer have oedwsince precipitation events and likely since
an irrigation event, then the ETfor the hot pixel may be set to 0.0.

5. METRIC™ Image Processing

METRIC produces 30x30 m spatial resolution mapsnetantaneous EF (Fraction of
Reference Evapotranspiration) and actual ET allisateverpass time for every image date. .
Those instantenous images are integrated to prathigeET and ETF assuming a constant T
value over the course of the image day for agticaltareas, and assuming a constant evaporative
fraction for non-advective natural areas as expthin the METRIC manual. After calibration and
review of the calibration, the daily BH images are cloud masked and gapfilled. For itred f
products, the cloud masks are further refined &mheimage. The sharpening and cloud filling
processes were only performed on the images usékddinal product. Appendix C has the final
calibrated and cloud masked images used for tlaé piroducts.

Image Calibration

METRIC uses a vertical near surface-to-air tempeeatlifference, dT, to estimate sensible
heat flux. Sensible heat flux (H) is the amounteé&t that is convected from a surface into the air,
thereby reducing the amount of available energet@poration. The dT function is modeled as a
linear function of surface temperature. It is defirusing the properties of two user selected anchor
pixels. These anchor pixels are the “cold” and‘tia” pixels. The cold and hot pixels represent
the extreme conditions encountered within the im&be cold pixel represents a condition having
nearly complete conversion of available energy atapotranspiration. The hot pixel represents
a condition having nearly zero conversion of avddaenergy into evapotranspiration. The cold
anchor pixel generally represents a fully vegetated actively transpiring vegetation. The hot
anchor pixel represents a bare and dry or neaylyadricultural soil with little or no vegetation.
The selection of cold and hot anchor pixels byuber is described by Allen et al., (2007b, 2008,
2014). In most applications, cold and hot pixetsselected from agricultural fields for consistency
and to match assumptions made in the estimatienibfieat flux, where the soil heat flux function
in METRIC was developed using field data from agitieral soils. The radiometric surface
temperature used to estimate dT is adjusted foagta to account for differences in radiometric
surface temperature occurring as a result of emvalifferences.
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The individual Landsat images (path/row) were radibbcated individually but as a mosaiced
path (path 39 rows 29-31 and path 40 rows 29-31gdoh image date. For the provisional process
the calibration was reviewed by the adjoining pa¢hsonnel and calibration adjusted as needed.
The final products are based on images furtheevestd by personnel not involved with the initial
calibration and review. Table 3 has the finalfEValues after final calibration for the associated
hot and cold pixels for paths 39 and 40.

Table 3. ETF values assigned to the hot and cold pixels foh é@mage for path 39 and 40 and their locationsY(X,
IDTM coordinates in meters). NDVI and ETrF are dimsionless.

Path 39 Path 40
Date X Y NDVI | ET,F | Date X Y NDVI | ET/F
3/20 | Cold | 2589501 | 1295330 | 0.735 1.00 3/19 | Cold 2481630 | 1248330 | 0.622 0.87
Hot | 2632350 | 1337700 | 0.139 | 0.35 Hot 2516310 | 1251630 | 0.147 0.53
4/5 Cold | 2590350 | 1313190 | 0.676 | 0.85 4/12 | Cold 2452920 | 1273770 | 0.873 1.05
Hot | 2591190 | 1312230 | 0.138 | 0.14 Hot 2532540 | 1265310 | 0.143 0.17
4/21 | Cold | 2593350 | 1306020 | 0.855 1.05 4/20 | Cold 2483968 | 1250701 | 0.845 1.05
Hot | 2590800 | 1313550 | 0.143 | 0.10 Hot 2483880 | 1252980 | 0.138 0.05
5/31 | Cold | 2611800 | 1305180 | 0.866 1.05 5/30 | Cold 2445990 | 1259850 | 0.811 1.05
Hot | 2575680 | 1297620 | 0.153 | 0.10 Hot 2466000 | 1258320 | 0.138 0.06
6/8 Cold | 2583720 | 1291050 | 0.825 1.05 6/23 | Cold 2464470 | 1272750 | 0.859 1.05
Hot 2512470 | 1255470 | 0.152 0.05 Hot 2447731 | 1269055 | 0.152 0.05
6/24 | Cold | 2584980 | 1290510 | 0.854 1.05 7/1 Cold 2448600 | 1268280 | 0.816 1.05
Hot | 2575680 | 1297620 | 0.157 | 0.05 Hot 2507338 | 1247311 | 0.139 | 0.05
7/2 Cold | 2616990 | 1333620 | 0.867 1.05 7/9 Cold 2478659 | 1252200 | 0.841 1.05
Hot | 2577360 | 1286820 | 0.145 | 0.05 Hot 2453039 | 1265908 | 0.112 | 0.05
7/18 | Cold | 2620140 | 1330110 | 0.856 1.05 7/17 | Cold 2478545 | 1252208 | 0.848 1.05
Hot | 2574870 | 1297320 | 0.153 | 0.05 Hot 2459271 | 1264526 | 0.145 | 0.05
7/26 | Cold | 2587290 | 1295850 | 0.843 1.05 7/25 | Cold 2473862 | 1251690 | 0.837 1.05
Hot | 2520750 | 1284659 | 0.157 | 0.05 Hot 2493471 | 1244001 | 0.158 | 0.05
8/3 Cold | 2599230 | 1292880 | 0.860 1.05 8/2 Cold 2448120 | 1277010 | 0.830 | 1.05
Hot | 2621250 | 1407600 | 0.143 | 0.05 Hot 2482219 | 1245983 | 0.164 | 0.05
8/19 | Cold | 2586900 | 1312860 | 0.831 1.05 8/10 | Cold 2448240 | 1277069 | 0.825 1.05
Hot | 2577390 | 1286310 | 0.130 | 0.05 Hot 2472362 | 1255018 | 0.143 | 0.05
9/20 | Cold | 2600670 | 1311030 | 0.843 1.05 8/18 | Cold 2533023 | 1290930 | 0.751 1.05
Hot | 2593507 | 1308272 | 0.141 | 0.47 Hot 2423696 | 1295609 | 0.131 | 0.05
9/28 | Cold | 2597730 | 1313760 | 0.855 1.05 9/11 | Cold 2473739 | 1274129 | 0.831 1.05
Hot | 2630370 | 1318980 | 0.163 | 0.39 Hot 2498790 | 1240230 | 0.139 | 0.05
9/19 | Cold 2469711 | 1275094 | 0.822 1.05
Hot 2480130 | 1259550 | 0.153 | 0.05
9/27 | Cold 2453317 | 1264768 | 0.823 1.05
Hot 2440413 | 1275624 | 0.143 0.17
10/21 | Cold 2463209 | 1274669 | 0.814 | 1.05
Hot 2399400 | 1302300 | 0.148 | 0.22

Gapfilling for Landsat 7 images

Landsat 7 images acquired after May 2003 havenmdtion gaps caused by the malfunction
of the scan line corrector (SLC). As a result, Lsatd7 images processed for March-November
2016 were “SLC-off” images where wedge shaped gxis in the images, extending from the

10 | Evapotranspiration in Southern Idaho during 2016---- METRIC



edges of the image and stretching towards the ieritell description of the SLC-off malfunction

is provided at USGS web sites (http://landsat. ggygproducts_slcoffbackground.php). To obtain
as complete coverage as possible, the gaps iR B&ps produced by METRIC were filled in
during post processing using the natural neightalraf ArcGIS. This tool ‘grows’ pixels into the
SLC-off gaps based on information from surroungngels. The process is similar to the growth
of ice crystals. Our experience has been thatdh&al neighbor tool provides the best end results
as compared to other approaches. Other approautiege the use of surrogate neighboring
pixels to fill all bands, for example, by Chen &t(@011). However, that technique is not tested
for the thermal band. Figure 4 shows a close-uanarea near Murtaugh, Idaho where the natural
neighbor interpolation procedure was applied. Thality of the interpolation depends on the
location and size of the gap, being better overdgenous landscapes.

Figure 4. Left: Close-up of Ef image for 04/20_/2016, showing gaps (stripes)ioaigd from the Landsat 7
image. Right: The same EAmap, after gaps were filled using natural neighbt@rpolation.

Sharpening of Landsat 8 Images

Landsat 8 images have 100 m spatial resolutionhi®iongwave (thermal) band, which is
approximately 3 times coarser than the 30 m fan@dent shortwave bands. In METRIC, thermal
information tends to dominate the production of & therefore the resolution of the final ET
product. To improve the spatial quality of resuétggrocedure known as thermal sharpening was
applied to the thermal band, using 30 m NDVI asnguit, to transform the thermal images to a
30 m equivalent. This sharpening of thermal datproves the spatial accuracy and discreetness
of the final individual ETF images generated with the METRIC code. This ptoceis described
in the METRIC manual (Allen et al., 2014) and ipaper by Trezza et al. (2008).

The basic sharpening procedure is based on thecapph of an established Ts (radiometric
surface temperature) vs NDVI relationship to pradacfirst estimate of Ts at every 30 m short
wave pixel, assuming a linear relationship and espondence between NDVI and Ts that is
defined by the Ts and NDVI settings for the hot aottl pixels. Later, to preserve original Ts
information, this first estimate of Ts is adjustedthat Ts averaged over all shortwave pixels lying
within an original thermal pixel matches the orajiraverage surface temperature Ts of that
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thermal pixel. In most of the cases the redistidsuof the bias between the original thermal Ts
and the estimate Ts is an iterative process, witktradjustment distributed to low-NDVI pixels
that may be more likely to have residual wetnesktharefore cooler temperature.

A multiple run technique is used in sharpening résnfthe current level 1, terrain-corrected
(L1T) images of EROS since the original thermalepiocations are no longer known, due to the
use of cubic convolution (CC) resampling by ERO& th performed on the thermal band during
the creation of 30 m L1T products. The thermalgbaing procedure was applied to Landsat 8
images where the original thermal pixel size is 00 Sharpening was not applied to Landsat 7
imagery since the original thermal pixel size reatly 60 m. Therefore, only 4 degrees of freedom
remain for distributing temperature among the f8@m pixels in a 60 m pixel. This constraint
creates limitations on accuracy and, again, sharges not generally needed for 60 m thermal
pixels to produce ET images having high spatialinitgsn. The sharpening procedure is
performed in ArcGIS using a Python-script developgdhe University of Idaho. Figure 5 shows
an example of an EF map, before and after sharpening surface temperat

Figure 5. Left: Close-up of EfF image from path 40 prior to using sharpened sarfamperature; the area is south
of the Snake River (Twin Falls county). Right: T9ame ETF map after sharpening the original surface
temperature.

Cloud Filling of Cloudy Images

Satellite images often have clouds in portiondhefitnages, and the paths 40 and 39 images
for 2016 were no exception. ETcannot be directly estimated for clouded areasgusurface
energy balance because cloud temperature maskesudmperature and cloud albedo masks
surface albedo. EF for clouded areas should be filled in prior tbrspg of monthly ET, because
clouded (or ‘missing’) portions of an image gengragsult in long periods between valid EET
data (sometimes longer than several months).

Clouds and shadows were manually identified andineat by creating line polygons in
ERDAS Imagine in the form of an AOI image that daif the original image. The outlines
included both clouds and shadows and were drawe thout 200 to 500 m larger than the clouds
and shadows. This was done to insure that areascimals where extent of cloudiness was
uncertain were masked out, including areas neadslthat were in direct sunlight at the time of
the satellite overpass, but may have been shaded aninutes earlier and therefore may have
been colder than temperatures associated withutiace energy balance, and therefore would
give inaccurate estimates of ET.
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ET:F of cloudy areas associated with an image wereised in the linear interpolation of the
provisional daily ETF but were instead replaced by:EValues interpolated from before and after
images when the area is cloud free. For exama drea was cloudy on April 12, the ETor
the area is based on linear interpolation betwearcM19th and April 20th provided the area was
cloud free for those image dates.

For the final products the cloud masked areas Wilerd using the procedure outlined in the
Appendix 19 of the METRIC Manual Version 3. Thegan the EJF maps occurring as a result
of the cloud masking are filled in using linear ¢étweighted interpolation of EF values from the
previous image and the nearest following satelht@age date having a valid BH estimate,
adjusted for vegetation development. The Normaliégterence Vegetation Index (NDVI) is
used to indicate change in vegetation amount.

During the ETF filling of cloud masked areas, the interpolatadues for the areas having
mostly bare soil are adjusted for differences sideal soil moisture between the image dates
occurring as a result of heterogeneities in préadijoin (such as by local summer showers) based
on cold and hot pixel NDVI and EF values for the previous and following satelliteage dates.
This procedure is needed to remove artifacts af phecipitation-derived evapotranspiration that
are unique to specific image dates but that mayraepresentative of the image date that is to
be represented by the FETirom the previous and the following images.

October Image for Path 39

As seen in Table 1, there was not a usable Lamchsate for Path 39 during the months of
October and November 2016. Therefore, the Octolmtimhy ET.F image was produced using
spline interpolation using images from previous therand using synthetic images created for the
month of November. After the Path 39 OctobefHimage was generated, the image was adjusted
by comparing against Path 40 OctoberFEnesults, that were assumed to be more representat
due to the availability of imagery in Path 40 foe tmonth of October. The adjustment to Path 39
ET:F considered the following:

a) Path 39 agricultural pixels in the overlappedaawith Path 40 were replaced by
corresponding pixels located in Path 40.

b) ET:F in desert areas (NLCD classes 71 and 52), B&Sklss 31), and Water (Class 11)
were adjusted to match Path 40 results.

6. Interpolation of METRIC Images to Summary Products

The interpolation of individual METRIC EF images to monthly and multi-month summary
products requires “cloud free” beginning and endingges for dates that bracket the interpolation
period. These beginning and ending images are w#bdthe processed METRIC images to
develop daily ETF images by interpolation. For the provisionaldarets a linear interpolation
was used. The final products were based on a spithedampening interpolation procedure. The
daily alfalfa-based reference ET maps {ERppendix A) were multiplied by the interpolated
daily ETF surface to determine daily ET (ET={EF ET,). The daily ET and ETwere summed
to determine period totals. The ratio of totalt&@Total ET is the ETF for the period.
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Beginning ET.F Synthetic Image

The interpolation of daily EF (fraction of reference ET) images relies on ahanETF
image absent of missing B data for all pixels. For 2016, due to cloudy atods for much of
the March Landsat images, the initial image isralsgtic image derived from meteorological data,
computed reference evapotranspiration, and larfdciconditions for dormant vegetation. The
procedure used to create the synthetic image usked in Appendix B. For the provisional
products the synthetic was based on meteorolodatalthat was not reviewed or quality assessed.
The synthetic image used for the final product Wwased reviewed and adjusted meteorological
data. Both images were developed to represenETie on March 1, 2016 for the study area.
Figure 6 shows the provisional and final synthitiages for March$12016.

Provisional ! ! Final

Synthetic ETrF
Mar 1, 2016

l High: 1.2

Figure 6. Synthetic ETF images: provisional (left) and final (right) regenting March 1, 2016.
Ending ET.F Images

The daily interpolation of EF between METRIC images and development of dailyraimn
ET.F and daily ETto compute monthly ET and EHrequires an EF surface extending, in time,
beyond the month or period in consideration. Theeru interpolation script methods require
extrapolated images to be complete without mis&img- values caused by clouds or Landsat 7
SLC gaps.
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Near Real Time (Provisional) Products

For near real time METRIC products the extrapolastimated EF surface was derived
from known previous E;F images by linear forecasts. The last two image#lg clear pixels for
any location where used to linearly project theFEr the pixel to the Slof the month. The
extrapolated image EF values from the linear forecast were limitedhe tange 0.1 and 1.0 to
keep the extrapolation from exceeding expected @®uhhe bounding range was changed from
the April submission to 0.05 and 1.0. In the caprarea between the two Landsat paths (Path 39
and Path 40) the average of the two extrapolated #dlues were used. This reduced monthly ET
and monthly EJF differences between individual fields lying iretbverlap area between the path
products.

Final Products

For the final processing, two BTimages were produced to represent NovemBeme 7
conditions to serve as growing season endpointthésplining and time integration of ET. The
two dates were dates having Landsat imagery. Ttie3simage (November"y was relatively
clear but with the presence of extended, thin arebularly-distributed clouds that tended to
influence the surface temperature estimates améftite estimates for EF. In addition, soil
moisture conditions for the Novembef &nd 7" period were wet due to more than 35 mm of
precipitation during the last week of October. Thmudy conditions and more or less uniformly
wet image that lacked substantial surface temperatwariation prevented applying the
temperature-based METRIC procedure to the imagens€yuently, a Novembef" Bynthetic
ET:F image was developed using NDVI from the imageictvlwas less impacted by the thin
clouds. The ET estimates from NDVI represent fpaasion associated with well-watered
vegetation. Those estimates were combined witlKthgsoil evaporation coefficient) in reverse
proportion to NDVI to produce ET estimates that lwath E and T components. The Path 40
Landsat image for Novembef 6vas 85 to 90% cloud covered and like path 39 lédisture
conditions and associated surface temperature dremmibhat prevented using the METRIC
process for determining EH. A NDVI and k based EdF image was developed, similar to path
39, where NDVI for cloudy areas was estimated basedarlier images and the change in NDVI
over time according to NLCD land classes.

Daily Alfalfa Reference Evapotranspiration (ET;)

Daily reference evapotranspiration (EWas computed based on daily meteorological data
as discussed in an earlier section and AppendiXi#e daily ET values for the various sites were
interpolated for the path 39 and 40 area usingighted average of a spline and natural neighbor
methods included in ArcGIS. The spline surfaceghkivas one-third with values limited to range
between 50% of the minimum E&nd 150% of the maximum ETor the stations. The natural
neighbor interpolation weighting was two-thirdsr poovisional products, the daily surfaces were
based on non reviewed meteorological data for &lstations. For the final products the daily
surfaces were based on reviewed and adjusted rokigimal data for 60 stations. Figure 7 shows
the seasonal sum of the dailyETrfaces based on provision and final processing.
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Season (April-October) ETr (mm)

Provisional Final

ETr (mm)

- High : 1700

i Low : 800

Figure 7. Seasonal (April through October, 2016),khages: provisional (left) and final (right)
Monthly and seasonal (Apr-Oct) final ET/ET.F/ET: images

For each path, the final products consist of sévsrage sets: monthly and seasonal (Apr-
Oct) ET information. Cloud metadata information wasy generated for the provisional products.
Each monthly and the seasonal ET images have tayees. The first layer is the monthly or
seasonal ET in mm, the second layer is the momthlgeasonal EF, and the last layer is the
monthly or seasonal ETh mm. These images have file names starting ®itland ending with
the month or period. For examplET P39 2016 Jun” contains the ET, EF and ET for path
39 during June 2016. Likewise, thET P40 2016 _Apr-Oct” image contains the the ET, BT
and ET for path 40 during the seasonal period April tlglouOctober. The near real time
provisional products had suffixes like p3” to indicate provisional products and the release
number associated with the image set.

Figure 8 through Figure 14 show final monthly ETdalF for April to October 2016 for
paths 39 and 40. Figure 15 shows the final seagApail through October) ET and EH for paths
39 and 40. These figures depict the informationtaioed in the first and second bands of the
various image sets.
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Path 40

April ETFF

Value
High: 1.4

Path 39

Figure 8a. April 2016 ETF (Final Product). Left: Path 40. Right: Path 39.

Path 40

April ET

Value
High : 200

Figure 8b. April 2016 ET (Final Product). Left: Path 40. RigRath 39.
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Path 40 Path 39

May ETrF

Value
High: 1.4

Figure 9a.May 2016 ETF (Final Product). Left: Path 40. Right: Path 39.

Path 40

May ET

High : 400

Figure 9b. May 2016 ET (Final Product). Left: Path 40. Righ&th 39.
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Path 40 Path 39

June ETrF

Value
High : 1.4

Figure 10a.June 2016 EF (Final Product). Left: Path 40. Right: Path 39.

Path 40

June ET

High : 500

Figure 10b.June 2016 ET (Final Product). Left: Path 40. Rigfdth 39.
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Path 40 Path 39

July ETrF

Value
High: 1.4

Figure 11a.July 2016 ETJF (Final Product). Left: Path 40. Right: Path 39.

Path 40

July ET

1
High: 500

Figure 11b.July 2016 ET (Final Product). Left: Path 40. Righath 39.
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August ETrF
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Path 39

Figure 12a.August 2016 EF (Final Product). Left: Path 40. Right: Path 39.

Path 40

AugustET
Value

I High - 200

Path 39

Figure 12b. August 2016 ET (Final Product). Left: Path 40.RidPath 39.
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Path 40

September ETrF

Value

High: 1.4

Path 39

Figure 13a.September 2016 EF (Final Product). Left: Path 40. Right: Path 39.

Path 40

September ET

Value

High : 400

Path 39

Figure 13b. September 2016 ET (Final Product). Left: PathRight: Path 39.
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Path 40 Path 39

OctoberETrF

I High: 1.4

Figure 14a October 2016 EF (Final Product). Left: Path 40. Right: Path 39.

Path 40 Path 39

October 2016 ET

I High: 400

Figure 14b. October 2016 EF (Final Product). Left: Path 40. Right: Path 39.
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High: 1.4

¥

Path 39

Figure 15a April through October 2016 EF (Final Product). Left: Path 40. Right: Path 39.

Path 40

Seasonal 2016 ET

Value
High: 2000

Path 39

Figure 15h. April through October 2016 ET (Final Product)ftt®ath 40. Right: Path 39.
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7. Provisional and Final METRIC ET Products Comparison

To compare the provisional and final METRIC proaegsesults, 8 irrigated areas and two
non-irrigated areas were compared to each otheetas final results from 2010, 2011 and 2013.
The ET products were used in the comparison. Eig@rshows the 10 comparison areas (seasonal
ET for 2016 is the background) and Table 4 furthescribes each area. The irrigated areas were
based on the “Irrigation Organization” data layeurid on the IDWR geospatial server as of
January 20, 2017. This shape file is commonally referre@sche “Permissible Place of Use”.
The two non-irrigated areas were hand digitizegpyesent rangeland (desert) and forested areas.

Hame

- ABERDEEM SFRINGFIELD CAMAL O
- BIG LOST RIVER IRRIGAT IOM DISTRICT

- BUTTE & MARKET LAKE CAMALCO 1 2

- FREMOMT MADISON IRRIGATION DISTRICT

MINIDOKA IRRIGAT IOM DISTRICT L . il ﬁ
" pr o i,
- MUD LAKE WATER USERS INC : i =
- MEW SWEDEN IRRIGATIOM DISTRICT #
- MORTH FORK RESERVOIR GO
- NORTH SIDE CANAL COLTD
- TWIN FALLS CANAL CO A . Lo
- lzland Park :
Seasanal ET {mm)
Valus

Figure 16. Areas used in comparison of ET products (FinakBeal ET (MM) for 2016 is the back ground).

Two of the irrigation areas (Minidoka Irrig. Distnd Big Lost River Irrig. Dist.) are covered
by both path 39 and path 40 (overlap area) and we@rgared using both paths In the following
tables and figures the results for those two ahea® (P39) or (P40) as a suffix to indicate the
source of the estimate. For the Big Lost RivaglrDist. the area was limited to the portion that
was covered by both paths. The Fremont Madisaq. IDist area was limited to area with path
39. The Perimissable Place of Use” includes irrigated and non-irrigated areas. &ctfthe
“Perimissable Place of Use” of the organizations can overlap each other.
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Table 4. General characteristics for the comparisi@as.

Comparison Area Path 39 Path 40 Acres
Aberdeen Springfield Canal Company X 80343
Big Lost River Irrigation District X X 45330
Butte and Market Lake Canal Company X 26604
Fremont Madison Irrigation District X 248163
Minidoka Irrigation District X X 90402
Mud Lake Water Users Inc. X 32716
New Sweden Irrigation District X 31531
North Fork Reservoir Company X 51552
North Side Canal Company X 337435
Twin Falls Canal Company X 271802
Island Park (Forest) X 16636
Desert (Rangeland) X 136491

Provisional and Final and Prior Years Seasonal ET

The average seasonal (Apr-Oct) ET for each regesawmpared using the provisional 2016,
final 2016, 2010, 2011, and 2013 METRIC productable 5 shows the results and Figure 17
through Figure 28 visually depicits the seasonafd& The region and the area associated with the
region.

Table 5 Average Seasonal ET for the 10 comparisgions.

Seasonal (Apr-Oct) ET (mm)
2016 2016
Comparison Area Prov. Final 2013 | 2011 | 2010
Aberdeen Springfield Canal Co 868 878 | 900 | 815 | 824
Big Lost River Irrigation Dist (P39) 485 470 | 512 | 571 | 438
Big Lost River Irrigation Dist (P40) 504 509 | 487 | 502 | 492
Butte & Market Lake Canal Co 707 715 | 835| 735 | 733
Fremont Madison Irrigation Dist. 683 653 | 751 | 666 | 585
Minidoka Irrigation Dist. (P39) 818 813 | 913 | 795 | 805
Minidoka Irrigation Dist. (P40) 808 888 | 892 | 820 | 828
Mud Lake Water Users Inc. 789 867 | 837 | 790 | 784
New Sweden Irrigation Dist. 747 773 | 923 | 765 | 798
North Fork Reservoir Co 751 733 | 785 | 682 | 672
North Side Canal Co 753 777 | 707 | 712 | 704
Twin Falls Canal Co 739 765 | 758 | 748 | 702
Island Park (Forest) 825 826 | 934 | 618 | 437
Desert (Rangeland) 238 202 91 | 122 | 287
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Figure 18. Average Apr-Oct ET for the Big Lost River rgicaTega defining the region on the right). Seasonal ET
shown for both processing paths.
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Butte and Market Lake Regio
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Figure 20. Average Apr-Oct ET for the Fremont Madison regfarea defining the region on the right — area
encompasses the North Fork region).
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Figure 21. Average Apr-Oct ET for the Minidoka region (are=fiding the region on the right) Seasonal ET shown
for both processing paths.
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Figure 22. Average Apr-Oct ET for the Mud Lake region (aredining the region on the right).
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New Sweden Region
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Figure 24. Average Apr-Oct ET for the North Fork region (atedining the region on the right). A majority
area is also in the Fremon-Madison region.
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Figure 26. Average Apr-Oct ET for the Twin Falls region (adfining the region on the right).
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Figure 27. Average Apr-Oct ET for the Island Park (Forespioa (ara defining the region on the right).
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Figure 28. Average Apr-Oct ET for the Desert (Rangeland)oadarea defining the region on the right)..

Basically for all the areas the 2016 provisional &énal ET products compare well to those
products produced for the 2010, 2011 and 2013 ssasw/hen looking at the irrigated regions,
for 7 of 10 comparisions, the final 2016 seasonBlexceeded the provisional. The highest
deviation was approximately 75 mm with a typicdlueaof 24 mm. These values represent about
10 and 3% of typical growing season ET for irriga¢eops. The North Fork region basically is a
subset of the Fremont Madison region and has appet&ly 80 mm more ET for the 2016
products. One explaination is that the Fremont istadregion has more “non-irrigated” area as
well as areas higher in elevation.

One explanation for the difference between prowigicand final ET products are the
differences in reference evapotranspiration{HIooking at the 2016 products for the “irrigated”
regions, the provisional seasonal,&Bs 96% of the final ETbased on an area weighted average
of the regions (Table 6) and ranged from 94% to%4.01IThe reference EThanged due to the
application of QAQC procedures to the AWS weatlagagbrior to calculation of ETor the final
product. The QAQC process frequently adjustedrsaldiation to account for over or under
measurement.

These differences compare to a 99% provisionaina £T area weighted average for the
“irrigated” regions (Table 7). The range of proemsal to final ET for all the areas was 91% to
118% (desert). The early season (April through Jpnevisional to final ET for the “irrigated”
areas was 91% based on an area weighted averagthobe 10 irrigated areas the range was 75%
to 103% as shown in Table 8.
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Table 6. 2016 Provisional versus final seasonaldémparison.

Table 7.

Seasonal ETr (mm)

Apr thru Oct 2016
Comparison Area Provisional Final % of Final
Aberdeen Springfield Canal Co 1361 1351 101%
Big Lost River Irrigation Dist (P39) 1293 1364 95%
Big Lost River Irrigation Dist (P40) 1293 1364 95%
Butte & Market Lake Canal Co 1304 1335 98%
Fremont Madison Irrigation Dist. 1302 1297 100%
Minidoka Irrigation Dist. (P39) 1292 1396 93%
Minidoka Irrigation Dist. (P40) 1292 1396 93%
Mud Lake Water Users Inc. 1274 1284 99%
New Sweden Irrigation Dist. 1251 1247 100%
North Fork Reservoir Co 1359 1369 99%
North Side Canal Co 1310 1387 94%
Twin Falls Canal Co 1252 1330 94%
Island Park (Forest) 1308 1369 96%
Desert (rangeland) 1316 1395 94%
2016 provisional versus final seasonat&parison.
Seasonal ET (mm)
Apr thru Oct 2016
Comparison Area Provisional Final % of Final
Aberdeen Springfield Canal Co 868 878 99%
Big Lost River Irrigation Dist (P39) 485 470 103%
Big Lost River Irrigation Dist (P40) 504 509 99%
Butte & Market Lake Canal Co 707 715 99%
Fremont Madison Irrigation Dist. 683 653 105%
Minidoka Irrigation Dist. (P39) 818 813 101%
Minidoka Irrigation Dist. (P40) 808 888 91%
Mud Lake Water Users Inc. 789 867 91%
New Sweden Irrigation Dist. 747 773 97%
North Fork Reservoir Co 751 733 102%
North Side Canal Co 753 777 97%
Twin Falls Canal Co 739 765 97%
Island Park (Forest) 825 826 100%
Desert (Rangeland) 238 202 118%
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Table 8. April through June 2016 provisional veroal ET comparison.

Period ET (mm)
April through June 2016

Comparison Area Provisional Final % of Final

Aberdeen Springfield Canal Co 325 367 89%
Big Lost River Irrigation Dist (P39) 180 208 87%
Big Lost River Irrigation Dist (P40) 172 181 95%
Butte & Market Lake Canal Co 269 309 87%
Fremont Madison Irrigation Dist. 311 303 103%
Minidoka Irrigation Dist. (P39) 314 324 97%
Minidoka Irrigation Dist. (P40) 324 326 99%
Mud Lake Water Users Inc. 285 379 75%
New Sweden Irrigation Dist. 315 365 86%
North Fork Reservoir Co 325 331 98%
North Side Canal Co 241 269 90%
Twin Falls Canal Co 225 276 82%
Island Park (Forest) 447 474 94%
Desert (Rangeland) 172 116 148%

8. Summary

Provisional and final monthly evapotranspiratio |Enaps were produced for April, May,
June, July, August, September and October 201@ditian to an April-October summary. The
products have 30 m resolution and cover Landsat &8s 39 and 40, rows 29, 30 and 31. ET
was produced using the METRIC model (Mapping Evigpwpiration at high Resolution using
Internalized Calibration) developed by the Univisrsif Idaho. The METRIC procedure utilizes
visible, near-infrared and thermal infrared enesggctral bands from Landsat satellite images and
weather data to calculate ET on a pixel by pixei©aSurface energy is partitioned into net
incoming radiation (both solar and thermal), grotmegt flux, sensible heat flux to the air and
latent heat flux. The latent heat flux is calculates the residual of the energy balance and
represents the energy consumed by ET.

The seasonal, April through October, provisiona &inal ET products compare well with
each other, with the provisional being somewhat than the final, overall. The April through
June provisional and final ET products have moravddion from each other, with being typically
91% less.

To improve the early season April through June gioaal products; the following items
could be considered: improve the forecasting methabthnge the provisional interpolation
process; and implement some of the meteorologigality control adjustments to the EScripts.

For future near real time METRIC processing, a medd or procedure to handle months
having no acceptable Landsat images due to cloudsaeeds to be developed.
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Appendix A: Automatic Weather Station Meteorological Daily Data

The meteorological data for determining daily,He (bare soil evaporation coefficient),
and for assessing green up conditions were conapoifsgaily data collected at automated weather
stations operated by USBR, DRI, USU, NOAA/INL, doBSA/USDI. These stations are part of
Agrimet networks operated by the USBR Pacific Neghkt Region, USBR Great Plains Region
and NOAA/INL. The USU stations are part of the UBGNet network which USBR/PN is a
partner with and data from those stations are abiglthrough the USBR Agrimet-system. The
DRI and HADS station network in Northern Nevadeoperated by DRI. The data for these
stations will ultimately be available through Agetnhowever, that is not currently the case. The
data for these stations as well as the stationhienRAWS network were downloaded from
MesoWest and summarized into daily summaries. ThBAJand USDI operate a RAWS network
of automated weather stations primarily for fireatheer products. Initially 67 stations were
identified, and for the provisional processing,sé&ions (Table 9) were used.

Table 9. Automated Weather Stations used in intatjpm processes and location parameters and lsaihcteristics
from Web Soil Survey

Soil Surface Characteristics
Latitude Longitude Elevation Uz Depth Field Wilting REW

ID Name Network (Deg) (Deg) (m) (m) (mm) Capacity Point (mm)
ABE|  Aberdeen, ID INL 42.95333  -112.82667 1341.0 2 150 0269  0.108 10.9
ACKI  Blackfoot, ID INL 43.18985  -112.33320 1377.7 15 150 0205 0.090 9.0
AFTY  Afton, WY PN 42.73333  -110.93583 18928 3 150 0269  0.121 11.0
AHTI  Ashton, ID PN 44.02500  -111.46666 16154 3 150 0281  0.117 11.3
BKVO Baker Valley, OR PN 44.88277  -117.96277 10424 3 150 0272  0.106 11.2
BLCU Blue Creek, UT ucc 41.96217  -112.49117 15758 3 150 0267  0.117 11.3
BOIl  Boise, ID PN 43.60027  -116.17694 829.1 3 150 0290  0.119 115
BOZM Bozeman, MT GP 4567302  -111.15462 14554 2 150 0.300 0.139 115
COVM Corvallis, MT PN 46.33333  -114.08333 10964 3 150 0274 0121 111
CRNU Corinne, UT ucc 4151915  -112.17395 12917 3 150 0.300  0.147 114
DENI  Dworshak, ID PN 46.62333  -116.22055 4999 3 150 0.385  0.165 13.3
DLNM Dillon, MT GP 4533358  -112.50939 15240 2 150 0202 0.083 9.0
DRLM Deer Lodge, MT PN 46.33555  -112.76666 14265 3 150 0295  0.138 11.1
DWNI Downey, ID PN 42.43355  -112.12929 1483.0 3 150 0.244  0.083 10.7
EURN Eureka, NV PN 39.68527  -115.97861 17974 3 150 0.181  0.069 8.7
EVFU Evan\'s Farm, UT ucc 41.69450 -111.83317 13823 3 150 0293  0.144 110
EVTY Evanston, WY PN 41.19713  -111.02937 2080.0 3 150 0286  0.132 11.0
FAFI  Fairfield, ID PN 43.31305  -114.82222 15356 3 150 0.283  0.136 10.9
FTHI  Fort Hall, ID PN 43.07138  -112.43111 13548 3 150 0.140  0.053 6.8
GDVI  Grand View, ID PN 42.91250  -116.05611 7864 3 150 0208 0.083 9.9
GFRI  Glenns Ferry, ID PN 42.86666  -115.35694 9220 3 150 0221  0.104 92
GREI Grace, ID PN 4251496  -111.73606 1661.0 3 150 0250  0.100 8.0
GRTU Grantsville, Utal PN 40.53054  -112.75653 1331.0 3 150 0.217  0.093 10.0
HAMI  Hamer, ID INL 44.00742  -112.23883 1476.1 15 150 0105 0.033 55
ICHI  Richfield, ID INL 43.06060 -114.13458 13283 15 150 0268  0.110 11.1
IFAl  ID Falls, ID INL 4350413  -112.05013 14353 15 150 0269  0.092 11.3
KTBI  Kettle Butte, ID INL 43.54861  -112.32583 1565.0 2 150 0269  0.091 11.3
LAKU Laketown, UT ucc 41.83790  -111.33438 18163 3 150 0275 0.124 11.1
LEWU Lewiston, UT ucc 41.95213  -111.86903 13759 3 150 0228 0.109 9.3
MALI  Malta, ID PN 42.43750 -113.41388 13442 3 150 0.257  0.089 11.1

1 USDA/NRSC Web Soil Surveynttp://websoilsurvey.sc.egov.usda.gov/App/WebSailSy.aspy. Soil surface
characteristic determined by areal weighting of ddormation in the vicinity of each automated e station
reported location. Data accessed during Marchidugh March 15, 2016.
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Soil Surface Characteristics
Latitude Longitude Elevation Uz Depth Field Wilting REW

ID Name Network (Deg) (Deg) (m) (m) (mm) Capacity Point (mm)
MDKI  Minidoka, ID INL 42.80442  -113.58965 1306.1 15 150 0256  0.086 11.1
MNPI  Montpelier, ID PN 42.25452  -111.33773 1823.0 3 150 0.424  0.216 137
MNTI  Monteview, ID INL 44.01500  -112.53583 1480.0 2 150 0224 0101 93
NMPI  Nampa, ID PN 43.43722  -116.64527 8236 3 150 0253  0.095 10.9
ONTO Ontario, OR PN 43.97777  -117.01527 6889 3 150 0261  0.092 11.1
OSGI 0Osgood, ID PN 43.58884  -112.07568 1471.0 3 150 0269  0.091 11.3
OWEI Howe, ID INL 43.78412  -112.97732 14675 15 150 0299 0.132 116
PICI  Picabo, ID PN 43.31166  -114.16583 14935 3 150 0.302 0.138 11.6
PMAI Parma, ID PN 43.80000 -116.93333 7026 3 150 0277  0.108 11.3
PSTI  Preston, ID PN 42.10715  -111.89363 13350 3 150 0.332 0.169 11.9
RBYM Ruby River Valley, MT ~ GP 4534475  -112.15029 1600.2 2 150 0271 0129 10.7
RGBI Rigby, ID PN 43.67720 -111.87922 1488.0 3 150 0206  0.078 9.7
ROBI Roberts, ID INL 43.74352  -112.12112 1450.8 15 150 0.328  0.193 11.8
RPTI  Rupert, ID PN 4259555  -113.87388 12664 3 150 0278  0.108 11.4
RRIl  Ririe, ID PN 43.61034  -111.70060 1547.0 3 150 0.267  0.108 11.1
RRCI  Arco, ID INL 43.62455  -113.29710 1627.3 15 150 0278  0.108 114
RTHI  Rathdrum Parrie, ID PN 47.80000 -116.83333 6736 3 150 0178 0.042 97
RXGI Rexburg, ID PN 43.85000 -111.76666 14859 3 150 0.330 0.166 11.9
SHLI  Shelley, ID PN 43.43452  -112.14273 1417.0 3 150 0246  0.096 10.4
SNWU Snowville (West), UT ~ UCC 41.98382 -112.91198 13542 3 150 0.287  0.122 114
SUGI  Sugar City, ID INL 43.89658  -111.73762 1492.0 15 150 0251 0125 97
TABI  Taber, ID INL 43.31868  -112.69180 14417 15 150 0265  0.088 11.3
TERI  Terreton, ID INL 43.84168  -112.41825 1460.6 15 150 0.287  0.163 10.9
TFGI  Filer (Fairgrounds), ID PN 4256878  -114.60155 1147.0 3 150 0267  0.094 11.2
TRMU Tremonton, UT ucc 41.72293  -112.15375 13201 3 150 0.315  0.159 11.6
TRTI  Terraton, ID PN 43.87040  -112.26394 1478.0 3 150 0.184 0.079 7.6
TWFI  Twin Falls (Kimberly), ID PN 4254611  -114.34527 11948 3 150 0250 0.100 8.0
STNIL Stanley RS, ID RAWS 44.16917  -114.92528 1916.0 6.1 150 0241 0115 9.1
CHRI1 Challis ID RAWS 44.50448  -114.22249 1592.9 6.1 150 0245  0.110 10.7
SMYI1 Salmon, ID RAWS 45.14983  -113.94536 15545 6.1 150 0.338 0.161 122
LDOI1 Leadore Creek, ID RAWS 44.70192  -113.34692 18745 6.1 150 0217  0.086 8.9
PVLN2 Paradise Valley, NV HADS 41.18556  -117.66028 1339.0 3 150 0219 0.088 84
NCLV Clover Valley, NV DRI 40.86833  -114.96944 17206 3 150 0227 0111 9.8
PVLUL Park Valley, UT SCAN 41.77374  -113.26350 15545 3 150 0244  0.099 10.4
FSLM8 Fishtail, MT RAWS 4545806  -109.57139 1386.8 6.1 150 0312  0.170 117
SCFI1 Slate Creek, ID RAWS 4563333  -116.28333 4779 61 150 0.162  0.053 84

The RAWS and SCAN stations included in the develepimof ET, Ke, and dormant K
surfaces do report the daily dewpoint temperatnferimation. However the reported dewpoint
was ignored when determining Ednd a k from ETldaho was used instead, with reported
minimum air temperature, to compensate for thatgrad these stations. This process is described
in the next section.

Downloading AWS Meterological Data

The initial coding of the scripts to download amdgess meterological data from the various
stations assumed that the data streams would leyeskort interuptions due to operational issues
-- with missing periods presumably shorter tharaysd To handle that possibility the scripts were
coded to refresh the prior downloads only for therpten day period and if data were missing
then the script used the last known data to filpiior to interpolation. This did not apply well
however, do to extended periods of missing datarasdlted in ETsurfaces having values that
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were biased low and high. For example one sta@aastream was off line for and extended period
of time longer than 30 days.

The scripts and procedures for interpolating thé/ &l have been improved to only allow
filling of missing data for periods of two (days)shorter and refreshing the local AWS data store
by downloading the last 45 days of record. Thesmptscfor downloading meteorological data
were run on a daily frequency. The scripts requirendiification to handle theew Agrimet API
for the Pacific Northwest Region that occurred dgihe project.

Daily ET: and K. Surfaces.

Each morning a script after the meteorological sittavas updated, a script was run to
compute the following in addition to other items:

* Reference Evapotranspiration (T ASCE/EWRI Standardized Penman Monteith
Equation for the alfalfa reference. For the pravsil processing period, the vapor
pressure deficit was based on average reportedpdaw temperatures for stations
considered to be in agricultural settings (Agrin®egNet, NiceNET). For stations
considered to be non agricultural settings, the gemt temperature was adjusted
based on the minimum air temperature and thesksOew point depressiondkiable.

» Soil surface evaporation and:KMethods outlined in METRIC spreadsheet,qd&nbh
and FAO. The precipitation is split into morningdaafternoon components and the
soil surface evaporation is computed in betweer. Sdript assumes a fully wet soill
surface on January 1. The thickness of the sufégee, skin, was assumed to be 150
mm. ETIdaho typically used 100 mm; however, somiéefMETRIC worksheets for
prior applications used 150 mm.

The daily ETF and k surfaces were interpolated from set of AWS statigted in Table 9
and shown in Figure 29 (14 stations are locatedideithe figures’ extent) and further described
in the next section, The spatial interpolation \dase using a weighted spline (1/3) and natural
neighbor interpolation (2/3) processes includedncGIS.

Meteorologic Data Assessment

The 66 automated weather stations used for geaeratidaily ET and ke are from Agrimet
(PN and GP), RAWS, INL/NOAA, NiceNET/DRI, and AgWHEY/UCC meteorological
networks. Each network has typically a differebjeative. The Pacific Northwest Agrimet (PN)
network is focused on weather conditions in ancadfiral setting. The USBR/USFS remote
automatic weather station (RAWS) is focused on haatonditions to support federal land
management agency’s projects, primarily wildland.fi The locations of the various AWS sites
are shown in Figure 29.

For the near real time production of daily (Efie meteorological data streams were not
assessed for quality. Only the wind speed and demt pemperatures were considered. For wind
speed, the station’s report anemometer height wasidered and wind speeds were translated to
2 meter heights based on the logarithmic wind speefile function, Allen et al. 2005. The dew
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point for RAWS stations was filtered for average (Kmin — Tdew) conditions against average
monthly K, values used in ETIdaho.

The weather data assessment documented in thisdigpmnsiders the entire 2016 period
of record (January through November), looking ahdis and differences between stations. Air
temperatures (maximum and minimum) were visuallgleated for spikes and against close by
stations. The dew point temperature was evaluasedNy against minimum air temperature and
Ko trends and the number of days exceeding threshaidbe April through September periods.
Precipitation was included in the evaluation beeatismpacts k and soil evaporation. Solar
radiation was compared to theoretical clear skyatamh (Rso), water vapor adjusted clear sky
radiation (Ro+) and minimum threshold of 10% of extraterressalar radiation (8. In addition,
the solar radiation was compare to other close thtioms. Wind speed was evaluated for
discontinuities and daily variation.

For each station the time series of temperatura@inim, maximum and dew point),oK
precipitation, solar radiation, and wind speed weotted. These are shown in Figure 30 through
Figure 95. The ratio of fRso for “clear” days was evaluated using Ref-ET and@@Aprograms
developed by Allen and Li (2016). The sixty dayl easonal average ratios for each station are
shown in Table 10 along with period of record: % of average), number of days exceeding K
thresholds of 5, 10, 15, and 20 degrees C for Alpriugh September and number of missing days.
Figure 29 show the average “clear day” solar rémliatatio (R/Rso) for the various stations.

The initial coding of the E/Scripts for processing the meteorological congdegricultural
weather stations to be sited where aridity effecisld not be seen in the dew point temperature.
To handle arid station location dew point tempertthe average daily dewpoint temperature
depression from minimum daily air temperaturg, (Kmin — Tdew) was evaluated against the
standard average monthly Kised in ETIdaho. This assumption to use typidatyof 1.5C may
not be valid for the 2016 season. And, various R&WS AWS were assumed not to need dew
point temperature adjustments which appears to{valid.

After reviewing all the meteorological data seriasdecision was made to adjust solar
radiation for all stations based on “clear-day’asaladiation expectations. Furthermore; after
evaluating the dew point depressions from minimurteanperature at all the stations and between
stations, a decision was made to adjust the demt fawiall stations when the depression exceeded
5 degrees plus the standard expected depressionEfadaho (1.5 degrees for the months April
through September). Thus when the reported dew depression was greater than 6.5 (5.0 + 1.5)
degrees, the dew point temperature was adjustdek t6.5 degrees below the minimum air
temperature. The stations highlighted in Tablev&€e dropped from the final set due to perceived
issues with the station.
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Figure 29. AWS Stations used for 2016 near read it TRIC application. The stations are depictetthwieir
seasonal Rs/Rso ratios for clear days.
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Table 10. AWS Locations for 2016 Near Real Time NRET ET,. Data quality review summary.

Missing Jan - Nov ET, Rs/Rso Days with K, exceeding (Apr-Sep)

Station Network Days (mm) % Ratio >5C >10C >15C >20C

ABEI PN/INL None 1531 105% 0.99 32 2 0 0
ACKI INL None 1504 103% 1.00 71 14 3 0
AFTY PN * 1312 90% 1.05 37 0 0 0
AHTI PN None 1301 89% 1.02 20 2 0 0
BKVO PN None 1256 86% 1.00 6 0 0 0
BLCU UCC None 1504 103% 0.98 102 77 44 12
BOII PN None 910 63% 0.91 26 1 0 0
BOZM GP None 1470 101% 0.97 99 21 2 0
CHRI1 RAWS None 1097 75% 1.03 141 70 16 1
COVM PN None 1022 70% 1.00 11 0 0 0
CRNU ucc None 1495 103% 1.00 55 4 0 0
DENI PN None 1150 79% 1.06 29 3 0 0
DLNM GP None 1291 89% 1.05 16 1 0 0
DRLM PN 1397 96% 1.03 14 1 0 0
DWNI PN None 1449 100% 0.97 55 7 0 0
EURN PN None 1642 113% 0.99 36 3 0 0
EVFU ucc 3 1215 83% 0.97 42 4 0 0
EVTY PN None 1534 105% 0.98 21 0 0 0
FAFI PN None 1418 97% 1.01 31 5 0 0
FSLM8 RAWS None 1488 102% 1.10 84 24 3 0
FTHI PN None 1621 111% 1.10 18 0 0 0
GDVI PN None 1729 119% 1.03 48 9 0 0
GFRI PN None 1953 134% 1.04 103 32 5 0
GREI PN None 1590 109% 0.99 62 15 2 0
GRTU PN None 2009 138% 0.97 86 29 7 0
HAMI INL None 1672 115% 1.03 79 6 0 0
ICHI INL None 1685 116% 1.06 40 0 0 0
IFAI INL None 1400 96% 1.00 78 16 2 0
KTBI PN/INL None 1647 113% 1.00 103 40 11 2
LAKU UCC None 1354 93% 0.97 15 1 0 0
LDOI1 RAWS None 1355 93% 1.02 83 15 3 0
LEWU ucc None 1232 85% 1.01 1 0 0 0
MALI PN None 1571 108% 1.01 36 7 4 1
MDKI INL None 1578 108% 1.03 25 0 0 0
MNPI PN None 1194 82% 0.95 4 0 0 0
MNTI PN/INL None 1419 98% 1.00 24 0 0 0
NCLV DRI 3 1544 106% 0.97 53 10 2 0
NMPI PN None 1621 111% 1.08 52 5 0 0
ONTO PN None 1670 115% 1.04 110 34 3 1
0SGI PN * 1377 95% 0.99 9 0 0 0
OWEI INL None 1633 112% 0.99 81 12 2 0
PICI PN None 1370 94% 1.02 73 14 1 0
PMAI PN None 1527 105% 1.03 54 2 0 0
PSTI PN None 1305 90% 0.97 22 1 0 0
PVLN2 DRI None 1897 130% 1.13 115 67 24 3
PVLU1 SCAN * 1377 95% 1.01 120 88 41 10
RBYM GP None 1427 98% 1.04 85 22 3 0
RGBI PN None 1609 111% 0.98 68 14 1 0
ROBI INL 27 1245 86% 1.03 17 1 0 0
RPTI PN * 1668 115% 0.98 28 2 0 0
RRCI INL 26 1320 91% 1.00 72 13 0 0
RRII PN - 1827 126% 1.01 101 30 5 0
RTHI PN 13,14 1060 73% 1.09 4 0 0 0
RXGI PN None 1438 99% 1.04 18 3 1 0
SCFI1 RAWS None 1195 82% 0.93 60 8 0 0
SHLI PN None 1386 95% 1.01 28 3 0 0
SMYI1 RAWS None 1139 78% 0.96 133 68 22 4
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Missing Jan - Nov ET, Rs/Rso Days with K, exceeding (Apr-Sep)

Station Network Days (mm) % Ratio >5C >10C >15C >20C

SNWU UCC None 1606 110% 0.98 52 9 1 0
STNI1 RAWS None 1089 75% 0.99 21 2 0 0
SUGI INL None 1500 103% 1.00 39 3 0 0
TABI INL None 1652 114% 1.01 50 8 0 0
TERI INL None 1373 94% 0.97 39 2 0 0
TFGI PN * 1578 108% 1.05 112 26 2 0
TRMU UCC None 1633 112% 0.97 85 26 1 0
TRTI PN None 1486 102% 1.00 34 3 0 0
TWEFI PN None 1505 103% 0.90 52 3 0 0

Aberdeen, ID (ABEI)

The ABEI station is a joint station between PN-Agent and INL. The anemometer is mounted at 2 mebov
ground surface. This station is assumed to be iaggicultural setting with no aridity effects. Ushthe estimated
dew point temperature is taken as the reportedageedaily dew point temperature. The data tim&esdor the
various parameters are shown in Figure 30. WR8Bikm of ABEI, one other AWS station is availalie fomparison:
FTHI (Figure 50). The daily temperatures are cstesit between stations; however, there appeaires &0'spike” for
minimum air temperature at ABEI on March 26 of 85.which is not supported by the FTHI station. &ese this
is outside the growing season, it will be ignorEle dew point depression from minimum air tempemtk,, pattern
is similar to that of FTHI except that it appearde slightly greater. Only 32 days exhibited depi@ns greater than
5C compared to 18 days for FTHI for the period lestmApril Fand September 80 The solar radiation,sRappears
to be fine when compared tadfand Rq+. Wind speeds are appropriated and visually conigbarta those of FHTI.
The precipitation pattern and amounts are simietwben ABEI and FTHI. The January through November
cumulative ETr based on the non-quality controliieda was 1531 mm for ABEI which is 105% of the ager
cumulative for all AWS station prior to adjustments

Adjustments: The solar radiation was adjusted dbase observed clear day/Rs, ratios. The dew point
depression from minimum air temperature was limtte@.5C which impacted 17 days during the periodnf April
15tto September 30 The air temperatures for March'@&ere adjusted to be the average of the prior axtidays.

Blackfoot, ID (ACKI)

The ACKI station is an INL/NOAA station which PN-Amet has incorporated into their system. The
anemometer height is 15 m above ground surfacénasitlated in an urban setting. Figure 31 shdwegime series
of the daily weather data for this station. Thatien has three other AWS stations within 35 kiHF (Figure 50),
SHLI (Figure 85), and TABI (Figure 90). The FTHE8bN is the closest at 15 km. The air temperatuselar
radiation, and wind speeds look good and compaa &bly with the other stations. However, basethenSHLI and
TABI solar records, there might have been a cdiitanaadjustment at the end of June which is notasarily
supported by FRso ratios. At this station, it was assumed that #téirgy was similar to that of an agricultural saiti
and no adjustments were made in the real time nidolever, examine of &over time and with the other 3 stations
suggest that it might deserve treatment as a statian arid setting. This station had 71 days Kitlvalues greater
than 5C and 14 days greater than 10C, three ofwh@ére greater 15C. The FTHI station only had agsdvith K
greather than 5C. Using the non-quality controtlath, the cumulative ETor January through November is 1504
mm which is 103% of the average for all AWS station

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 48 days during the period from Apfithrough
September 30

Afton, WY (AFTY)

The AFTY station is a Pacific Northwest Agrimett&ia and a historical ETldaho station. This statie
assumed to be sited in an agricultural setting.stagon is located outside the study area anttladed as an anchor
station for interpolation of surfaces for the emstudy area. The meteorological time serieshigrdtation is shown
in Figure 32. The station has no other AWS statioithin 35 km. With the exception of maximum @mperature,
the temperatures have appropriate response. Howbeemaximum air temperature during the springeaps to be
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faulty with several spikes greater than summer tiemeperatures. Because minimum and maximum ajpeesture
are from a single sensor; these unexpected highnmiaxs also call into question the minimum air tenapere.
Additionally, this sensor behavior may be reflectedhe dew point temperature for that period. aBahdiation
appears to have a shift in calibration around neidfl July. For the July through November perigtRR+ratio for
“clear days” was 1.07 to 1.09 as estimated by tB&€Q program by Allen and Li. Wind speeds at Aftare
significantly lower than other stations; howevéistmay be due in part by the topography of théeyalvhere the
station is located. The maximum air temperatupered at the airport (KAFO unofficial) for Aprill* was 20.5C
compared to 46.0C from this Agrimet station. FaayM®, the maximum temperature reported for the airp@s
12.8C compared to 14.8C from the Agrimet statidime cumulative Effor January through November associated
with the uncorrected data is 1312 mm or 90% ofatverage for all stations.

Adjustments: Air temperature for the period ofuany through April based on solar radiation dateefficients
determined from the May through June period) amimuim air temperature even though it is suspect. Jdnuary
through April air temperatures and dew point wexrket from the Afton airport based on regressiothef May
through October period. The dew point temperatiggression was limited to 6.5C. This impacted &@sdduring
the period from April ¥ through September 80 Solar radiation was adjusted based on obseriezd day R'Rso
ratios.

Ashton, ID (AHTI)

The AHTI station is a Pacific Northwest Agrimet wetk station. This station is assumed to be lataiean
agricultural setting with an anemometer height oh.3 The meteorological time series for the statiom shown in
Figure 33. This station has two other AWS statilmesited within 35 km; RXGI and SUGI (Figure 83 dfigure
89). The air temperature time series appear tappeopriate and compares well with the nearbyastati The dew
point and k exhibit the behavior for stations located in ani@gtural setting. Only 20 days during April thrgiu
September are greater than 5C. During the neapreegssing for this station, no adjustment wasaenfiaddew point.
The solar radiation compares favorably fefR8, and to that measured at the SUGI site. The wiegdpecord does
not appear to have any issues. The period of deedris 1301 mm (89% of AWS average) prior to adjustimen

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 11 days during the period from Apfithrough
September 30

Baker Valley, OR (BKVO)

The BKVO station is a Pacific Northwest Agrimettgia with a 3m anemometer height. This station teda
outside the study area provides control for interieal surfaces along the edge of the study arear(einor station).
The meteorological data series for the statiorshosvn in Figure 34. The data series for all thapeeters look good
and there no issues. The #me series indicates that the station is probadyesentative of an agricultural setting
with only 6 days exceeding 5C during the April thgh September period. The solar radiation datavstgpod
agreement with expected values. There are no statiithin 35km to compare this station to. Theiqueof record
ET, for BKVO was 1256 mm (86% of AWS average) prioatfjustments.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature did not exceed 6C.

Blue Creek, UT (BLCU)

The BLCU station is a UCC AgWxMet station. Theadr this station was downloaded from the PN Agtim
system that maintains a record of the station déttas assumed that the anemometer height is 2maeind that
because the station was in an agricultural netwoslould not be considered an arid station. Theetsaries data for
this station is shown in Figure 35. There is aap#WS station within 35 km of this station: SNWBidure 87).
The minimum and maximum air temperatures do noehmticeable “spikes” and is similar to those a8l The
reported average dew point temperature andpfears to be more representative of an ariditotétan that of an
irrigated location with KK values exceeding 5C for 102 days during the petiod through September and 44 days
exceeded 15C. This is especially true when condparéhe SNWU station whereslexceeded 15C for only one day
during the same period. The solar radiation setense low from May through August when comparedritiRso
ratios and to the solar radiation reported at tN&V8. The wind speeds are relative low comparedstaridard”
Agrimet stations operated by the USBR Pacific Nedhbt region. However, the wind speeds at the SNifdtion
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are similar with more day to day variation. Thadjusted data series for this station resultsliarauary to November
cumulative ET of 1504 mm (103% of average) which is lower th&A@ mm for SWNU station.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 98 days during the period from Apfithrough
September 30(more than 50%).

Boise, ID (BOII)

The BOII station is a PN Agrimet network statiomdted in an urban setting. This station has neighf
AWS stations within 35 km of its location. The te@nature time series data (Figure 36) does nobéxdny “spikes”
or anomalies. The dew point depressiog, $hows slight aridity effects; but is consistedbtighout the period. The
solar radiation appears to be under measured whepared to “clear day” #Rs, ratios at this location (90%);
however, it may be due to the station’s locationiclhs evident in the wind speed record. The ayeraily wind
speed never exceeds 2 m/s. This station is locatisitle of the study area and was only includexssist in creating
interpolated ETsurfaces for the study area. For the Januaryoteehiber period the cumulative ETr was 910 mm
(63% of all AWS) and was the lowest in the data($able 10).

Adjustments: If the station is to remain in th@wr of stations to provide interpolated surfachs, golar
radiation should be adjusted by/R ratio for clear days. Without any adjustmentsrtieteorological results in a
Jan-Nov ETr of 910 mm, 63% of the average Jan-Nbfar all AWS stations. It is recommended thas ttation,
BOIl, be dropped out of the AWS set for the finedguct. This station will not be used in the fidale to the issues
with wind speed and other stations can provideati@horing for the daily images.

Bozeman, MT (BOZM)

The BOZM station is a GP Agrimet network statioheTanemometer height was assumed to be 2 methes. T
station is located outside the study and is inaiide¢he AWS station set to provide anchoring ¢€iipolation images
for the entire study area. There are no neighbastations with in 35 km of its location. The nm@tdogical time
series are shown in Figure 37. The minimum andimaxm temperature series exhibit no anomalies. average
daily dew point temperature and depression fromimmim is more representative of a non-irrigated/aatting with
Ko exceeding 5C for 99 days for the April through t8ember period of which 22 days exceeded 10C. dlar s
radiation appears to be fine when compared to ¢heal day” R/Rso ratios. The “clear day” ratios are between 95
and 99%. The wind speed series shows no anomdalkgs.station had issues starting NoV'2éid appears that it was
undergoing maintenance. The cumulative Januapugir November ETfor this station was 1470 mm (101% of
average for all stations).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 66 days during the period from Apfithrough
September 30

Challis, ID (CHRI1)

The CHRI1 station is a RAWS network station. Tdtetion is located in the study area (Path 40 R&w Zhe
wind anemometer height is assumed to be 6.1-mesgdon standard RAWS station configurations. riear real
time processing, the station was assumed to bekigdre 38 shows the meteorological data timesseassociated
with the station. For calculation of Efhie reported average daily dew point temperatudenainimum air temperature
was evaluated for the prior 5 day period. If therage 5 day depressiong(i Tmin — Tdew) exceeded the ETldaho
recommended K(1.5 for the summer months) then the estimated pi@w temperature was computed as Tmin —
ETIdaho(K). When compared to other southern Idaho Agrirtegtan for 2016, this adjustment may be too strong.
Some of the non PN-Agrimet network stations thotgle in agricultural settings (NiceNet, AgWxN8R-Agrimet)
exhibit similar dew point depressions as this statiThe solar radiation series looks good whenpaoed to “clear
day” R/Rso ratios. The wind speed at 2 m series appears tovly however, there is day to day variation. sTlbiw
wind speed may be in part due to landscape effeot®unding the station at 6.1 meters. The cunvalatanuary
through November ETor this station was 1097 mm (75% of AWS average).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 fieh impacted 122 days during the period from Apiithrough
September 30(two thirds of the days).
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Corvallis, MT (COVM)

The COVM station is a PN-Agrimet network statiordas treated as being in an agricultural settinth\ai 3-
meter anemometer height. The station is locatesidrithe study and is included in the AWS statietnts provide
anchoring of interpolation images for the entingdstarea. The station has no neighboring statiathsna85 km. The
meteorological time series for this station arevaiha Figure 39. The air temperature, dew poingécjgitation, solar
radiation exhibits no anomalies. The wind spee@seashows low wind speeds typically below 2 mfthwiay to day
variation. These are similar to those at DworsHza&N]I); however, at Deer Lodge the (DRLM) winds &ypically
above 2 m/s. The cumulative January through Noeer&d; for this station was 1022 mm (70% of AWS average).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 8iet impacted 4 days during the period from Apfilthrough
September 30

Corinne UT (CRNU)

The CRNU station is part of the AgWxNet/UCC netward has been assimilated in to the PN-Agrimet data
archival and reporting system. The anemometerihdigs been assumed to be 3-meters. The meteimalltigne
series for this station are shown in Figure 40.e $tation has two neighboring stations within 35 EXFU and
TRMU (Figure 29 and Figure 93). The temperatumeetseries has no anomalies and compares well hotbetat
EVFU and TRMU. The dew point depression for tligien between those at TRMU and EVFU. Duringghemer
months it is between 2 and 12C. The solar radisteies compares well to the other stations arehtallay” solar
radiation compares well withsfRs, ratios. The wind speed series compares well thibse of TRMU 28 km away.
The cumulative January through Novembey 6T this station was 1495 mm (75% of AWS average).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Bietn impacted 35 days during the period from Apfithrough
September 30

Dworshak, ID (DENI)

The DENI station is part of the PN-Agrimet netwarkd a historical ETIdaho station. The stationutsiole of
the study area and is only included for the intktion of surfaces. The anemometer height has bssmimed to be
3-meters. The meteorological time series for tatics are shown in Figure 41. The station has @ighboring
stations within 35 km. The temperature seriesaterhibit any anomalies. The dew point depresiothe station
are consisted with other historical AWS ETIdahdistes. The solar radiation series is consisted wligar day BRso
ratios except for the last half of the 2016 seagbere the clear #Rs, ratios are above 1.10. The daily wind speeds
are typical for sites where topography shield theraometer such as SCFI1 and COVM. The cumulatineals
through November ETor this station was 1179 mm (79% of AWS average).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 14 days during the period from Apfithrough
September 30

Dillon, MT (DLNM)

The DLNM station is a GP Agrimet network statiotneTanemometer height was assumed to be 2 methes. T
station is located in the northern portion of thelg area. The RBYM station is located within 3B &f this station.
The meteorological time series are shown in Fighre The minimum and maximum temperature seriegé@xto
anomalies. The average daily dew point temperandedepression from minimum appears to be reptaben of
an irrigated area and is typically smaller thart #idRBYM. The solar radiation appears to be fifeewcompared to
the “clear day” RRsoratios. The general temporal trends and evestsiaiilar to those at RBYM with the exception
of dew point depression, RBYM appears to be lessithu The cumulative January through Novembey 61 this
station was 1291 mm (89% of average for all stabion

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 9 days during the period from Apfilthrough
September 30
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Deer Lodge, MT (DRLM)

The DRLM station is a PN Agrimet network statiorddras an anemometer height of 3-meters. The stition
located outside the study area and is includedernMWS station set to provide anchoring of inteaion images for
the entire study area. This station has no neighpAWS stations within 35 km. The meteorologitiaie series
for this station are shown in Figure 43. The mimimand maximum air temperature series exhibit moreahies. The
average dew point temperature and depression fromimemm appears to be representative of an irrigared The
solar radiation appears to be fine when comparéledclear day” BRso ratios. The daily average wind speeds are
typically above 2 m/s and no issues are apparemt. cumulative January through Novembey 6T this station was
1397 mm prior to adjustments (96% of average flostations).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 @ieh only impacted 5 days during the period fronTiApst
through September 30

Downey, ID (DWNI)

The DWNI station is a PN Agrimet network statiorddras an anemometer height of 3-meters. This sthts
one neighboring AWS station within 35 km, GREI.€eTheteorological time series for this station @ in Figure
44 and exhibit similar trends and patterns as tab&REI (Figure 53). The minimum and maximumt@mperature
series exhibit no anomalies. The average dew peimfperature and depression from minimum appeatseto
representative of a slightly arid irrigated areaimy the July through September period. The sa@ldration appears
to be slightly low when compared to the “clear dRyRso ratios. The daily average wind speeds are tylpiedlove
2 m/s and no issues are apparent even though thdgwer than those at GREI. The cumulative Janttamough
November ETfor this station was 1449 mm prior to adjustméma@)% of average for all stations).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 35 days during the period from Apfithrough
September 30

Eureka, NV (EURN)

The EURN station is a PN Agrimet network stationd &ias an anemometer height of 3-meters. The stition
located outside the study area and is includedernMWS station set to provide anchoring of inteation images for
the entire study area. This station has no neighpAWS stations within 35 km. The meteorologitiaie series
for this station are shown in Figure 45. The minimand maximum air temperature series exhibit narelies with
the exception of the beginning of the year. Therage dew point temperature and depression frormmim appears
to be representative of a slightly arid irrigatedaaThe solar radiation appears to be fine wherpeoed to the “clear
day” RJ/Rso ratios. The daily average wind speeds appearat@ mo issues. The cumulative January through
November ETfor this station was 1642 mm prior to adjustmémts3% of average for all stations).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 19 days during the period from Apfithrough
September 30

Evan’s Farm, UT (EVFU)

The EVFU station is part of the AgWxNet/UCC netwankd has been assimilated in to the PN-Agrimet data
archival and reporting system. The station is ledatutside the study and is included in the AW S8ataet to provide
anchoring of interpolation images for the entingdgtarea. The anemometer height has been assorhedBtmeters.
The meteorological time series for this station sfiewn in Figure 46. The station has three neighbostations
within 35 km: CRNU, LEWU and TRMU (Figure 40, Figu61 and Figure 93). The station has missing aaitthé
period between May 13and the 20. The temperature time series compares well witls¢hat CRNU, LEWU and
TRMU. The dew point depression for this statiompares well with those at CRNU and TRMU. The wépaeds
are closer to those at LEWU and lower than thoseRNU and TRMU. The solar radiation appears ttobewhen
compared to the “clear day’sRs, ratios. The cumulative January through Novembierfér this station was 1215
mm prior to adjustments (83% of average for alisies) and is lower than CRNU, LEWU, and TRMU 08541232,
and 1633 mm respectively.
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Adjustments: Because of the missing data periadtarproximity to three other AWS stations, thiaten will
not be used in the final product. If it was toused, solar radiation should be adjusted basedsereed clear day
RdJ/Rsoratios. The dew point depression from minimuntenperature should limited to 6.5 C which woulghaunted
20 days during the period from Aprit'through September 80 The missing data for this station should be tase
CRNU for air temperature, dew point, solar radiatmd precipitation. The wind speeds should bd freen LEWU

Evanston, WY (EVTY)

The EVTY station is part of the PN-Agrimet netwaofke station is outside of the study area andlisiooluded
for the interpolation of surfaces. The anemomieééght has been assumed to be 3-meters. The molketgioal time
series for the station are shown in Figure 47. §tagon has no neighboring stations within 35 Khfne temperature
series do not exhibit any anomalies. The dew paéprressions for the station are consisted withrothgS stations
identified as being in an irrigated area. The sodaliation series is consisted with clear dafRR ratios. The daily
wind speed series exhibit no visual anomalies.rkeipitation series shows a precipitation everitlox 3 (67.6mm)
is not support by close by stations not includetheWnAWS station set. The PN Agrimet personnel hagieated that
the event was probably associated with station teaamce. The cumulative January through NovembefdE This
station was 1534 mm (105% of AWS stations average).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 8iet impacted 7 days during the period from Apfilthrough
September 30 The precipitation for NovembeF3vas set to zero.

Fairfield, ID (FAFI)

The FAFI station is a Pacific Northwest Agrimetwetk station and is a historical ETIdaho statidiis station
is assumed to be located in an agricultural settiitly an anemometer height of 3 meters. The metegical time
series for the station are shown in Figure 48.s™Htation has no neighboring AWS stations locatihinv35 km.
The air temperature time series appear to be agptepvith no anomalies. The dew point and depoasskhibit the
behavior for stations located in an agriculturdfisg. Only 31 days during April through Septembeg greater than
5C. The solar radiation compares favorably fglRR with the exception of the June through July peniddch
appears to be low. This is possibly due to smokersions from wildland fires upwind. The wind speedord does
not appear to have any issues. The period of dedanuary through November, 5% 1418 mm (97% of AWS
average) prior to adjustments.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactediays during
the period from April ¥ through September 80

Fishtail, MT (FSLM8)

The FSLMS8 station is a RAWS network station. Tstigtion is outside the study area and is includetthé
AWS station set to provide anchoring of interpaatimages for the entire study area. There araeighboring
stations with in 35 km of its location. The windeamometer height is assumed to be 6.1-meter basastandard
RAWS station configurations. The air temperatudarsradiation, precipitation and wind speed segksw no
anomalies as shown in Figure 49. For near real firneessing, the station was assumed to be aridhen8TIdaho
Ko was applied in the fashion described for CHRI1e Shlar radiation appears to be high when comparédear
day” RJ/Rso ratios. The cumulative January through November f&iT this station was 1488 mm (102% of AWS
average).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 66 days during the period from Apfithrough
September 30

Fort Hall, ID (FTHI)

The FTHI station is a Pacific Northwest Agrimetwietk station and is a historical ETIdaho statidiis station
is assumed to be located in an agricultural settiitly an anemometer height of 3 meters. The metegical time
series for the station are shown in Figure 50.s Bkation has three neighboring AWS stations lacaii¢hin 35 km:
ABEI, ACKI, and TABI (Figure 30, Figure 31, and kg 90). The air temperature time series appdae gppropriate
with no anomalies and compares favorably with tineiostations. The dew point and depression exthibibehavior
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for stations located in an agricultural setting apgears to be lower than the other stations. O8ilgays during April
through September are greater than 5C. The sad@ation appears to be to high when compared &afdky” R/Rso
ratios. The wind speed record does not appeant®e &y issues. The period of record, January giriNovember,
ET:is 1621 mm (111% of AWS average) prior to adjustteeThis compares to 1531, 1504, and 1652 mm REIA
ACKI, and TABI respectively.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimumamperature was limited to 6.5 C which impactedigsdduring
the period from April ¥ through September 80

Grandview, ID (GDVI)

The GDVI station is part of the PN-Agrimet netwankd a historical ETIdaho station. The stationutsiole of
the study area and is only included for the intktion of surfaces. The anemometer height has bssmimed to be
3-meters. The meteorological time series for taticsy are shown in Figure 51. The station has @ighboring
stations within 35 km. The temperature seriesaterhibit any anomalies. The dew point depresiiothe station
are consisted with other historical AWS ETIdahdistes located near desert areas. The solar radiagoies is
consisted with “clear sky” #Rs, ratios; however, the values appear to be highe ddily wind speeds exhibit no
anomalies. The cumulative January through Nover&liefor this station was 1729 mm (119% of AWS average)

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 33 days during the period from Apfithrough
September 30

Glenns Ferry, ID (GFRI)

The GFRI station is part of the PN-Agrimet netwarid a historical ETldaho station. The statiom¢ated just
inside of the study area. The anemometer heighbban assumed to be 3-meters. The meteoroldiiekeries
for the station are shown in Figure 52. The statias no neighboring stations within 35 km. Thepgerature series
do not exhibit any anomalies. The dew point depoedsr the station are higher than expected thhougthe summer
(May through September) based on the consisteniml pmecipitation events during the same period. Stiar
radiation series is consisted with “clear sky/HR, ratios; however, the values appear to be highe daily wind
speeds exhibit no anomalies. The cumulative Jarthasygh November ETor this station was 1953 mm (134% of
AWS average) the second highest based on the rjastad meteorological data.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 87 days during the period from Apfithrough
September 30

Grace, ID (GREI)

The GREI station is a Pacific Northwest Agrimetvmatk station. This station is assumed to be locateah
agricultural setting with an anemometer height ofi&ers. The meteorological time series for thé®t are shown
in Figure 53. This station has one neighboring A¥i&ion located within 35 km: DWNI (Figure 44). &lair
temperature time series appear to be appropriatensi anomalies and compares favorably with DWNie Tew
point and depression exhibit the behavior for stetilocated in a drier agricultural setting andesp to be typically
higher than DWNI. During April through Septemberipd; 62 days exhibit dew point depressions gretian 5C.
The solar radiation appears to correct when congperéclear sky” R/Rs, ratios. The wind speed record does not
appear to have any issues. The period of recandiaty through November, E§ 1590 mm (109% of AWS average)
prior to adjustments. This compares to 1449 mnDMNI.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactedidys during
the period from April 1 through September 80

Grantsville, UT (GRTU)

The GRTU station is a PN-Agrimet network stationl @ntreated as being in an agricultural settinthwai 3-
meter anemometer height. The station is locatesidrithe study and is included in the AWS statietnts provide
anchoring of interpolation images for the entingdstarea. The station has no neighboring statiathsna85 km. The
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meteorological time series for this station arevaih Figure 54. The air temperature, dew poingécjpitation, solar
radiation, and wind speed series exhibit no anasallhe dew point depression from minimum air teeoee is
higher than that expected for a station locatetliwitrigated agriculture. The solar radiation agseto correct when
compared to “clear sky” fRso ratios. The cumulative January through Novemblgrfér this station was 2009 mm
(138% of AWS average) the highest of all statioasdal on non-adjusted data.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 69 days during the period from Apfithrough
September 30

Hamer, ID (HAMI)

The HAMI station is a INL/NOAA station which PN-Aignet has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
55Figure 55. The station has four neighboring@tetiwithin 35 km: MNTI, ROBI, TERI and TRTI (Figu6s, Figure
78, Figure 91 and Figure 94). The air temperatdesy point, solar radiation, and wind speed seridsb& no
anomalies and compare favorably with the neighlgogtations. The dew point depression from minimum a
temperature is higher than that expected for &stécated within irrigated agriculture. The sotadiation appears
to correct when compared to “clear skydRR, ratios. The precipitation record shows two extrerakies above 20
mm/day: 45.7 mm/day on May #%nd 41.4 mm/day on July 80 These precipitation events are not supported by
the records at the neighboring stations. The cativel January through November Har this station was 1672 mm
(115% of AWS average) based on non-adjusted data.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 69 days during the period from Apfithrough
September 30 The two extreme precipitation values (May"1&nd July 38) were set to zero based on the
neighboring station precipitation records.

Richfield, ID (ICHI)

The ICHI station is a INL/INOAA station which PN-Agret has incorporated into their system. The
anemometer height is 15 m above ground surfacenigteorological time series for this station arevamin Figure
56. The station has one neighboring stations wilirkm: PICI (Figure 71). The air temperature, dmint, solar
radiation, and precipitation series exhibit no aabes and compare favorably with the neighborirgish. The dew
point depression from minimum air temperature vgdptypically than PICI and is similar to what wddde expected
for a station located within irrigated agricultuéhe solar radiation appears to high when comptrédlear sky”
R¢/Rso ratios. The wind speed is higher than that forlRI2l is to be expected based on location of tleestations.
The cumulative January through Novembey 6T this station was 1685 mm (116% of AWS averdgeed on non-
adjusted data and is approximately 300 mm higrean ICI.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 17 days during the period from Apfithrough
September 30

Idaho Falls, ID (IFAI)

The IFAI station is a INL/NOAA station which PN-Agret has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
57. The station has six neighboring AWS statiorntbiwi35 km: KTBI, OSGI, RGBI, ROBI, RRIl and SHFigure
58, Figure 69, Figure 77, Figure 78, Figure 81 Biglire 85). The OSGI and SHLI stations are thsedb at less
than 11 km. The air temperature, dew point, s@ldiation, and precipitation series exhibit no aabes and compare
favorably with the neighboring station. The dewrpalepression from minimum air temperature is nigpécal of
more arid agriculture setting. The solar radiatigpears ok when compared to “clear skyRg, ratios. The wind
speed at this station appears to be consistentlgrlohan the other stations. The precipitatior2®fmm/day on
September 28is supported by the precipitation records assediatith the neighboring stations. The cumulative
January through November Efbr this station was 1400 mm (96% of AWS averdggjed on non-adjusted data.
This compares to 1647, 1377, 1609, 1827 and 13868anKTBI, OSGI, RGBI, RRIl and SHLI respectively.

Adjustments: Due to this stations proximity to tather stations with good data, this station hatmropped
from the final set. If this station was to be képe solar radiation should be adjusted based serubd clear day
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R¢/Rso ratios. And, the dew point depression from minimair temperature should be limited to 6.5 C whiciuld
impacted 50 days during the period from Ap#iithrough September 30

Kettle Butte, ID (KTBI)

The KTBI station is a joint station between PN-Aget and INL and is a historical ETldaho stationeTh
anemometer is mounted at 2 m above ground surfdeedata time series for the various parameterstazen in
Figure 58. Within 35 km of ABEI, four other AWSasibn are available for comparison: IFAI, OSGI, RO8HLI
and TERI (Figure 57, Figure 69, Figure 78, Figusead Figure 91). The daily temperatures, dewtgemperature,
solar radiation and wind speeds exhibit no anomadied are consistent with the other station. The peint
depression from minimum air temperaturg, gattern is appears to be greater than the othgorss with 103 days
exhibiting depressions greater than 5C compar&8 t, 28 and 39 days (IFAI, OSGI, SHLI and TERDthe period
between April # and September $0 The solar radiation, fRappears to be fine when compared todRd Ro-
Wind speeds are appropriate and visually compatahtgse of the other stations. The precipitatexrord shows no
anomalies; however, mid-summer precipitation freggyeand amounts are not supported by all the neigdp
stations. The January through November cumulativéBsed on the non-quality controlled data was 16di/(113%
of the AWS average) which is approximately 300 nigh&r than neighboring stations

Adjustments: The solar radiation was adjusted dbase observed clear day/Rs. ratios. The dew point
depression from minimum air temperature was limtte@.5C which impacted 85 days during the periodnf April
15tto September 30

Laketown, UT (LAKU)

The LAKU station is part of the AgWxNet/UCC netwaaskd has been assimilated in to the PN-Agrimet data
archival and reporting system. The station is ledatutside the study and is included in the AWS8staet to provide
anchoring of interpolation images for the entingdgtarea. The anemometer height has been assorhedtmeters.
There are no neighboring stations within 35km. Tieteorological time series for this station arevaihin Figure
59. The air temperature, dew point, solar radiatéord wind speed time series exhibit no anomalidse dew point
depression for this station appears to be consistith weather stations located within irrigatediegltural areas.
The solar radiation appears to be low when comparttk “clear day” R ratios. The cumulative January through
November ETfor this station was 1354 mm prior to adjustméBg9 of average for all stations).

Adjustments: The solar radiation was adjusted dbase observed clear day/Rs, ratios. The dew point
depression from minimum air temperature was limite@.5C which impacted 85 days during the periodnf April
15tto September 30

Leadore Creek, ID (LDOI1)

The LDOI1 station is a RAWS network station. Tsiiation is located in the study area (Path 40 R&wadd
has historically been used with METRIC. The wimgtaometer height is assumed to be 6.1-meter bassizodard
RAWS station configurations. There are no neighimpstations within 35km. Figure 60 shows the metiegical
data time series associated with the station.nEar real time processing, the station was asstoneel arid and the
ETIdaho K, was applied in the fashion described for CHRI1e alr temperature, dew point, precipitation, anddwi
speed time series do not exhibit any anomalieséern. Some of the non PN-Agrimet network stetithought to
be in agricultural settings (NiceNet, AgWxNet, GBfAnet) exhibit similar dew point depressions as #tation.
The solar radiation series looks good when comptoédlear day” R/Rs, ratios with exception of February 22
associated with a single day missing record o2 1FeThe prior to adjustment cumulative January thiroNgvember
ET, for this station was 1355 mm (93% of AWS average).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 58 days during the period from Apfithrough
September 30 The solar radiation observation for February 2&s set to the clear sky value.

Lewiston, UT (LEWU)

The LEWU station is part of the AgWxNet/UCC netwatd has been assimilated in to the PN-Agrimet data
archival and reporting system. The anemometerhéigs been assumed to be 3-meters. The metewalltigne
series for this station are shown in Figure 61e $tation has three neighboring stations withiki35 EVFU, PSTI
and TRMU (Figure 46, Figure 73 and Figure 93). @hdemperature, dew point, precipitation, sokdiation and
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wind speed time series have no anomalies and cempealt with those at the neighboring stations. @e& point

depression for this station exhibits charactessti€ a humid location, significantly lower than tdepressions
observed at the neighboring stations. The soldatiad series compares well to the other statiows ‘glear day”

solar radiation compares well withd/Rs, ratios. The wind speed series compares well \with neighbors.
Precipitation for this station appears to have al@s when compared to the EVFU and TRMU statidrse

cumulative January through November, 0 this station was 1232 mm (85% of AWS averdgejhe non-adjusted
data

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 @ieth impacted only 1 day during the period from iRAF
through September 80 The precipitation record was reviewed and medifbased on PSTI, EVFU, and TRMU
stations.

Malta, ID (MALI)

The MALI station is a Pacific Northwest Agrimet netrk station and is a historical ETldaho statiofhis
station is assumed to be located in an agriculsetiing with an anemometer height of 3 meterse mkteorological
time series for the station are shown in Figure BRis station has no neighboring AWS stations tiedavithin 35
km. The air temperature, dew point, precipitatswiar radiation and wind speed time series apjpelae appropriate
with no anomalies. The dew point depression exhithie behavior for stations located in a slightig agricultural
setting. The solar radiation appears to be toihen compared to “clear sky"4JRs, ratios. The wind speed record
does not appear to have any issues. The peri@tofd, January through November, iT1571 mm (108% of AWS
average) prior to adjustments.

Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactedi&gs during
the period from April ¥ through September 80

Minidoka, ID (MDKI)

The MDKI station is a INL/NOAA station which PN-Aignet has incorporated into their system. The
anemometer height is 15 m above ground surfaceniéteorological time series for this station arevahin Figure
63. The station has one neighboring stations wisirkm: RPTI (Figure 79). The air temperature, ¢@int, solar
radiation, and precipitation series exhibit no aabes and compare favorably with the neighborirmgish. The dew
point depression from minimum air temperature msilsir to RPTI and is similar to what would be exjgecfor a
station located within irrigated agriculture. Theag radiation appears to high when compared tedicsky” R/Rso
ratios. The wind speed is slightly lower than RPTiHe cumulative January through November, 6T this station
was 1578 mm (108% of AWS average) based on norstatjulata and is approximately 100 mm higher thaHIR

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 9 days during the period from Apfilthrough
September 30

Montpelier, ID (MNPI)

The MNPI station is a Pacific Northwest Agrimettista with a 3m anemometer height. This station teda
outside the study area provides control for intéxieal surfaces along the edge of the study arear(elnor station).
The meteorological data series for the statiorshosvn in Figure 64. The data series for all thapeeters look good
and there no issues with the exception of solaiatd. The K time series indicates that the station is probably
representative of an agricultural setting. Theseohdiation appears to low when compared to “cigt’ RJ/Rso
ratios. The period of record Efbr MNPI was 1194 mm (82% of AWS average) prioathustments.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 8iet impacted 3 days during the period from Apfilthrough
September 30

Monteview, ID (MNTTI)

The MNTI station is a joint station between PN-Aget and INL and is a historical ETIdaho stationeTh
anemometer is mounted at 2 m above ground surfdeedata time series for the various parameterstayen in
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Figure 65. Within 35 km of MNTI, three other AWgon are available for comparison: HAMI, TERI ang&T]
(Figure 55, Figure 91 and Figure 94). The daitypgeratures, dew point temperature, solar radiammhwind speeds
exhibit no anomalies and are consistent with thHeemottation. The dew point depression from minimaim
temperature, i pattern appears to be less than the other ssatith 24 days exhibiting depressions greater @n
for the period between April*land September 80 The solar radiation, Rappears to be fine when compared to
“clear sky” R/Rse Wind speeds are appropriate and visually compartd those of the other stations. The
precipitation record shows no anomalies. The Jantmough November cumulative Efased on the non-quality
controlled data was 1419 mm (98% of the AWS ave@radrch is close to that of two neighboring station

Adjustments: The solar radiation was adjusted dbase observed clear day/Rs. ratios. The dew point
depression from minimum air temperature was limtte®.5C which impacted 6 days during the periaanfrApril
15tto September 30

Clover Valley, NV (NCLV)

The NCLV station is part of the NiceNet agricultungeather network operated by DRI. The data wasaity
obtained via MesoWest. The anemometer is assumied moounted 3-meters above the ground surfacestBtien
is located outside the study and is included inAM¢S station set to provide anchoring of interpolatimages for
the entire study area. There are no neighboring Afd8ons within 35km of this station. The metdogical data
time three-day period of missing data from Augudf through August 18 The data for the missing period was
manually obtained from DRI. The air temperatuygoint, precipitation and wind speed show no aal@s with
the exception of missing data. The dew point degooesfrom minimum air temperature,, kdoes have values
exceeding those associated with a station in aiwiglhted area. The solar radiation series hadleos throughout
the period but on average appear to be low wherpaoad to “clear sky” daily #Rs, ratios. The January through
November cumulative Eased on the non-quality controlled data was 1Ba¥(106% of the AWS average).

Adjustments: The solar radiation was adjusted dbase observed clear dayy/Rs. ratios. The dew point
depression from minimum air temperature was limite@.5C which impacted 32 days during the periodnf April
15tto September 30 The data set from MesoWest archive was updateeflect that in the DRI/WRRC data server
to fill in the missing period prior to adjustinglapradiation and limiting the dew point depresdia@m minimum air
temperature.

Nampa, ID (NMPI)

The NMPI station is part of the PN-Agrimet netwaikd a historical ETldaho station. The stationutsiole of
the study area and is only included for the intktion of surfaces. The anemometer height has bssmimed to be
3-meters. The meteorological time series for taticsy are shown in Figure 67. The station has @ighboring
stations within 35 km. The temperature seriesateerhibit any anomalies. The dew point depresiothe station
are consisted with other historical AWS ETldahdistes located in irrigated areas. The solar ragiegeries is
consisted with “clear sky” #Rs, ratios; however, the values appear to be consigteigh. The daily wind speeds
exhibit no anomalies. The cumulative January thnogvember ETfor this station was 1621 mm (111% of AWS
average).

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 24 days during the period from Apfithrough
September 30

Ontario, OR (ONTO)

The ONTO station is part of the PN-Agrimet networkhe station is outside of the study area andlg o
included for the interpolation of surfaces. Theempmeter height has been assumed to be 3-metehe T
meteorological time series for the station are showFigure 68. The station has one neighborintjosta within 35
km: PMAI (Figure 72). The temperature series dbaxthibit any anomalies. The dew point depressiortfe station
are consisted with other historical AWS ETldahdistes located near desert areas and is higherttivese at PMAL.
The solar radiation series is consisted with “claf’ RJ/Rso ratios; however, the values appear to be higte ddily
wind speeds exhibit no anomalies. The cumulativeudey through November ETor this station was 1670 mm
(115% of AWS average) and compares to 1527 mmNbhklfbased on non-adjusted data.

Adjustments: Because this station is located datiie study area and the nearby station PMAlatsfi@ more
irrigated setting, this station was dropped fromfthal processing. If this station was to beiregd, the solar radiation
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should be adjusted based on observed clear gy, Ratios. The dew point depression from minimumexinperature
should be limited to 6.5 C which would impact 8%yslduring the period from April*lthrough September 80

Osgood, ID (0SGI)

The OSGI station is a Pacific Northwest Agrimetwek station. This station is assumed to be locateah
agricultural setting with an anemometer height ofi&ers. The meteorological time series for thé®t are shown
in Figure 69. This station has seven neighboridgSAstation located within 35 km: IFAI, KTBI, RGBROBI, RRaII,
SHLI and TRTI (Figure 57, Figure 58, Figure 77,0 78, Figure 81 and Figure 94). The air tempegaime series
appear to be appropriate with no anomalies and aogspfavorably with the other stations. The dewnpand
depression exhibit the behavior for stations lott@tean irrigated agricultural setting and appédaise typically lower
than most of the other stations. There is conceoutadew point and dew point depression duringrtteath of
October, it does not exhibit day to day variatibuwring April through September period; only 9 dayhibit dew
point depressions greater than 5C. The solartiadiappears to correct when compared to “cleal RigRso ratios.
The wind speed record does not appear to havesangs. The period of record, January through NoeenfE T is
1377 mm (95% of AWS average) prior to adjustmentss approximately 200 mm lower than the averagéef
neighboring stations with complete record.

Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimuntemperature was limited to 6.5 C which impactedagsdduring
the period from April I through September 80 The October period dew point was not adjustehbse of the wet
October and end of season.

Howe, ID (OWEI)

The OWEI station is a INL/NOAA station which PN-Agret has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
70. The station has one neighboring stations wisisikm: RRCI (Figure 80). The air temperature, ¢mmt, solar
radiation, precipitation and wind speed series l@khio anomalies and compare favorably with theghieoring
station. The dew point depression from minimunteiinperature is higher typically than RRCI and msikir to what
would be expected for a station located in anated area next to a desert. The solar radiatioeapgo ok when
compared to “clear sky” #Rso ratios. The cumulative January through Novemberf&Tthis station was 1633 mm
(112% of AWS average) based on non-adjusted datailgse RRCI has a 27-day missing period duringuhamer,
the ET cannot be compared.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 48 days during the period from Apfithrough
September 30

Picabo, ID (PICI)

The PICI station is a Pacific Northwest Agrimetwetk station and is a historical ETIdaho statidinis station
is assumed to be located in an agricultural settiitly an anemometer height of 3 meters. The metegical time
series for the station are shown in Figure 71.sBf@tion has one neighboring AWS stations locafigtin 35 km:
ICHI (Figure 56). The air temperature, dew poimggipitation, solar radiation and wind speed tirages appear to
be appropriate with no anomalies and compare féypraith ICHI. The dew point depression exhibitg thehavior
for stations located in a slightly arid agricultusatting next to a desert area. The solar radiajgpears to be to fine
when compared to “clear sky"sRso ratios. The wind speed record does not appeaave hny issues and shows
values expected for a station located in a morkesld environment such a valley compared to tat@HI located
on the Snake River plain. The period of recorduday through November, EB 1370 mm (94% of AWS average)
prior to adjustments and compares to 1685 mm féllIC

Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impacted&gs during
the period from April I through September 80

Parma, ID (PMAI)

The PMAI station is part of the PN-Agrimet netwankd a historical ETIdaho station. The stationutsinle of
the study area and is only included for the intedon of surfaces. The anemometer height has besumed to be
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3-meters. The meteorological time series for tlad@ are shown in Figure 72. The station has regighboring
stations within 35 km: ONTO (Figure 68). The aimfgerature, dew point, precipitation, solar radiatésd wind
speed series do not exhibit any anomalies. Thepaeémt depression for the station are consisted wotitler historical
AWS ETlIdaho stations located in irrigated areas applears to more appropriate for irrigated areasttiose at
ONTO. The solar radiation series is consisted Wilear sky” R/Rs, ratios; however, the values appear to be
consistently high. The daily wind speeds exhilbitamomalies. The cumulative January through Nover&Bbefor
this station was 1572 mm (105% of AWS averagehfor-adjusted data and is lower than that for ONT&'Q mm).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 19 days during the period from Apfithrough
September 30

Preston, ID (PSTI)

The PSTI station is a PN Agrimet network statiod &as an anemometer height of 3-meters. This sths
one neighboring AWS stations within 35 km, LEWUheTmeteorological time series for this station strewn in
Figure 73 and exhibit similar trends and pattemshase at LEWU (Figure 61). The minimum and masximair
temperature series exhibit no anomalies. The geetlaw point temperature and depression from mimirappears
to be representative of a slightly arid irrigategdaaduring the July through September period whempared to
LEWU. The solar radiation appears to be slightlw lavthen compared to the “clear day'yRs, ratios. The
precipitation record shows two anomalies with daifgcipitation above 45 mm/day (72 mm on Julyand 45 mm
on August 18). Neither event is supported by the precipitatiecord at LEWU. The daily average wind speeds are
similar to those at LEWU. The cumulative Janudmptigh November ETfor this station was 1305 mm prior to
adjustments (90% of average for all stations) witichmpares to 1232 mm LEWU.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 8 days during the period from Apfilthrough
September 30 Precipitation record was adjusted based on degbk EWU and it's neighbors.

Paradise Valley, NV (PVLN2)

The PVLN2 station is part of the NiceNet agricudtuweather network operated by DRI. The anemonister
assumed to be mounted 3-meters above the groufateul he station is located outside the studyisimtluded in
the AWS station set to provide anchoring of intésion images for the entire study area. Therenaraeighboring
AWS stations within 35km of this station. The amiperature, dew point, precipitation and wind spsealv no
anomalies with the exception of missing data. Téw& goint depression from minimum air temperaturg ddes have
values exceeding those associated with a stati@nviell irrigated area and are more typical of agtural setting
next to a desert area. The solar radiation sheewalues that are close to being outliers througtie period but on
average appear to be high when compared to “cledr daily RJ/Rs, ratios. The January through November
cumulative ET based on the non-quality controlled data was 18877 (130% of the AWS average).

Adjustments: The solar radiation was adjusted dbase observed clear day/Rs, ratios. The dew point
depression from minimum air temperature was limite.5C which impacted 102 days during the peftioch April
15tto September 30

Park Valley, UT (PVLU1)

The PVLUL1 station is part of the USDA/NRCS SCAN i{Sglimate Analysis Network). Based on generic
documentation and photograph of typical SCAN statibe anemometer (wind speed) sensor has beemadda be
mounted 3-meters above the ground surface. lyitidlwvas assumed to be at 6.1 meters. The maltegical data
time series for this station are shown in Figure The station has no neighboring AWS stations iwi8b km. The
maximum air temperature and precipitation serieeel@nomalies. The average daily dew point depessom
minimum air temperature is typical of a stationdtsa in non-irrigated agricultural areas. The g&iion event on
October 18 of 45 mm appears to be faulty; however, the tvasest AWS stations support the precipitation event.
The solar radiation series appear to be low whenmpawed to “clear sky” daily #Rs, ratios for the summer months.
The wind speeds exhibit no anomalies even whemslatad based on the faulty 6.1 meter mounting agsam The
January through November cumulative; Based on the non-quality controlled data was 18i7/(95% of the AWS
average).
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Adjustments: The solar radiation was adjusted dbase observed clear day/Rs, ratios. The dew point
depression from minimum air temperature was limite.5C which impacted 107 days during the peftioch April
15tto September 30 The wind speed sensor height was corrected frdno63 meters.

Ruby River Valley, MT (RBYM)

The RBMY station is a GP Agrimet network statioheTanemometer height was assumed to be 2 methes. T
station is located in the northern portion of thelg area. The meteorological time series are showigure 76. The
DLNM station (Figure 42) is located within 35 km thiis station. The minimum and maximum temperatgnées
exhibit no anomalies. The average daily dew ptémperature and depression from minimum appeatseto
representative of an irrigated area and is typidaliger than that at DLNM. The solar radiation eggs to be fine
when compared to the “clear dayyRs, ratios with exception of the period from Augustaiiigh November. The
wind speed show a depressed period in July; howdvisris also apparent at the DLNM station. Thenulative
January through November Ef®r this station was 1427 mm (98% of average fostations) and compares to 1291
at DLNM.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 59 days during the period from Apfithrough
September 30

Rigby, ID (RGBI)

The RGBI station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locateth
agricultural setting with an anemometer height aiéers. The meteorological time series for théat are shown
in Figure 77. This station has seven neighborigSAstation located within 35 km: IFAI, OSGI, RORRII, RXGlI,
SHLI and SUGI (Figure 57, Figure 69, Figure 78,ufr@81, Figure 83, Figure 85 and Figure 89). Théeanperature
time series appear to be appropriate with no aniemahd compares favorably with the other statidhs. dew point
and depression exhibit the behavior for statioeatied in a slightly arid irrigated agriculturaltseg and appears to
be similar to most of the other stations. The piégiion record is similar to the other stationkeTsolar radiation
appears to correct when compared to “clear skyRdzratios. The wind speed record does not appeaave any
issues that are not found in other stations. Treg of record, January through November; ETL609 mm (111%
of AWS average) prior to adjustments. This appratety 150 mm higher than the average of the neighfastations
with complete record.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impacteddys during
the period from April ¥ through September 80

Roberts, ID (ROBI)

The ROBI station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locateah
agricultural setting with an anemometer height ofi&ers. The meteorological time series for thé®t are shown
in Figure 78. This station has nine neighboring &%fation located within 35 km: HAMI, IFAI, KTBI, 8GI, RGBI,
RXGI, SHLI, TERI and TRTI (Figure 55, Figure 57 ghkire 58, Figure 69, Figure 77, Figure 83, FigureR8gure 91
and Figure 94). This station has missing data flame 11 through July 12. The air temperature time series appear
to be appropriate and compares favorably with therostations. The dew point and depression extiibibehavior
for stations located in a slightly arid irrigategti@ultural setting and appears to be similar tehad the other stations.
The precipitation record is similar to the othetisins. The solar radiation appears to correct véoampared to “clear
sky” RJRs, ratios; however, after July 13t appears to be slightly high. The wind speedréaoes not appear to
have any issues that are not found in other sttiBecause of the missing data period no comp@isonon-adjusted
January through November, Efas made.

Adjustments: Due to the missing data period dutfrigsummer and with neighboring stations, thisstavas
omitted from the final processing. If this statieas to be retained solar radiation and dew paljtsiments should
be performed as outline for other stations. Thesimg data would have to be estimated from ther otbarby stations
in some fashion.
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Rupert, ID (RPTI)

The RPTI station is part of the PN-Agrimet netwarld a historical ETIdaho station. The anemometighhe
has been assumed to be 3-meters. The meteordltgieaseries for the station are shown in FigeThe station
has one neighboring stations within 35 km: MDKIditie 63). The air temperature time series havenamaly on
February 2# with minimum and maximum air temperatures of -38@ 30C. The average dew point temperature
time series does not visually appear to have auesas well as the precipitation and wind spegdsseThe solar
radiation series appears to have issues from Ja@@aithrough February 24were daily values are close to zero. A
station maintenance (calibration event) appeamat@ occurred during early July. The dew pointrdsgion for the
station are consisted with other historical AWS @ao stations located in irrigated areas and tsetlad MDKI. The
cumulative January through November, Edr this station was 1668 mm (115% of AWS averdgenon-adjusted
data and is higher than that for MDKI (1578 mm).

Adjustments: Solar radiation was adjusted basedbzerved clear daysRs, ratios with the missing period
(January 29 through February 2% replaced by the solar radiation measured at MDKhe dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 13 days during the period from Apfithrough
September 30 The air temperatures for February'24ere taken from MDKI.

Arco, ID (RRCI)

The RRCI station is a INL/INOAA station which PN-Aget has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
80. The station has one neighboring stations wbikm: OWEI (Figure 70). This station has misdiata from June
15" through July 18. With the exception of the missing period, the taimperature, dew point, solar radiation,
precipitation and wind speed series exhibit no aal@s and compare favorably with the neighboriragieh. The
dew point depression from minimum air temperatarwer typically than OWEI and is similar to whabuld be
expected for a station located in an irrigated ard to a desert. The solar radiation appearg tshen compared to
“clear sky” R/Rs, ratios. Because RRCI has a missing period duhiegsummer, the non-adjusted cumulative ET
cannot be compared.

Adjustments: This station is an important stapatially located on the northern edge of the Eastmake
Plain Aquifer near Arco. To estimate meteorolobitaa for this station, the RAWS station locatedmArco (ARCI1
located 7.5km from RRCI) was obtained and evaluated regression equations developed. Solar radiatas
adjusted based on observed clear ddRR&Rratios. The dew point depression from minimumtamperature was
limited to 6.5 C.

Ririe, ID (RRII)

The RRII station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locateah
agricultural setting with an anemometer height ofiéers. The meteorological time series for thé®t are shown
in Figure 81. This station has five neighboring 8Wtation located within 35 km: IFAI, OSGI, RGBIXRBI and
SUGI (Figure 57, Figure 69, Figure 77, Figure 88 &igure 89). The air temperature time series appede
appropriate and compares favorably with the otketians. The dew point and depression exhibit tsealvior for
stations located in a slightly arid irrigated agtiaral setting and appears to be higher than thercstations. The
precipitation record is similar to the other staioThe solar radiation appears to correct whenpeoed to “clear
sky” RJRso ratios. The wind speed record shows an anomalyr o May. This anomaly is due to a broken
anemometer vane confirmed by the PN Agrimet staffe cumulative January through November 16T this station
was 1887 mm (126% of AWS average) for non-adjudted.

Adjustments: Due to the faulty wind speed datpaagnt aridity and the number of stations neaitig; station
was omitted from the final processing. If thistista was to be retained solar radiation and dewatpadjustments
should be performed as outline for other statiofise wind speed record for the period with the brokensor would
have to be estimated from the other nearby statioesme fashion.

Rathdrum Prairie, ID (RTHI)

The RHTI station is a Pacific Northwest Agrimetwetk station. The station is outside of the studiaaand is
only included for the interpolation of surfaceshigstation is assumed to be located in an aguallisetting with an
anemometer height of 3 meters. The meteorologjived series for the station are shown in FigureTdils station
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has missing data from Octoberthrough November 5 This station has no neighboring AWS station feda
within 35 km. With the exception of the missing al#lte air temperature, dew point, wind speed aedipitation
time series exhibit no visual anomalies. The dewmtpand depression exhibit the behavior expectedstations
located in an irrigated agricultural setting. Thé&s radiation series exhibits a sensor calibragsoe prior July when
it appears to have been corrected using “clear BiffR, ratios as a reference. The wind speed recordmitntesppear
to have any issues. The January through mid Ogt&deis 1060 mm prior to adjustments — one of the lostations.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Gieth impacted only one day during the period fropriAlst
through September 30 Because of the station’s missing data at theoftide season and that it is an anchor station
for interpolation surfaces, it was retained withestimating the missing data.

Rexburg, ID (RXGI)

The RXGI station is a Pacific Northwest Agrimetwetk station and is a historical ETIdaho statiobhis
station is assumed to be located in an agriculsetiing with an anemometer height of 3 meterse mkteorological
time series for the station are shown in Figure BBis station has five neighboring AWS stationsaked within 35
km: AHTI, RGBI, ROBI, RRIl and SUGI (Figure 33, kigg 77, Figure 78, Figure 81 and Figure 89). The ai
temperature, dew point, precipitation, solar radiaand wind speed time series appear to be apptepwith no
anomalies. The dew point depression exhibits tiheier for stations located in an irrigated agtigrdl setting. The
solar radiation appears to be high when comparéddar sky” R/Rs, ratios. The wind speed record does not appear
to have any issues. The period of record, Jarthaoyigh November, ETis 1438 mm (99% of AWS average) prior
to adjustments. This is close to the other statwitis good data.

Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactedags during
the period from April ¥ through September 80

Slate Creek, ID (SCFI1)

The SCFI1 station is a RAWS network station. Hédion is outside the study area and is includgde AWS
station set to provide anchoring of interpolatiorages for the entire study area. There are ndhheiing stations
with in 35 km of its location. The wind anemomekeight is assumed to be 6.1-meter based on stafiavdS
station configurations. The air temperature, sidriation, precipitation and wind speed series showwnomalies as
shown in Figure 84. For near real time procesghmgstation was assumed to be arid and the ETIdalas applied
in the fashion described for CHRI1. The averagéydiéw point depression from minimum air temperatisrmore
consistent throughout the year when compared terd@AWS sites. The solar radiation appears to bevidien
compared to “clear day” R, ratios. The wind speeds are low; however, thigabably due to the station’s location
in a river canyon (Riggins area) and are similahtise at DENI. The cumulative January through Madwer ET for
this station was 1195 mm (85% of AWS average) basedon-adjusted data.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Giet impacted 34 days during the period from Aptithrough
September 30

Shelley, ID (SHLI)

The SHLI station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locatesh
agricultural setting with an anemometer height aiéers. The meteorological time series for théat are shown
in Figure 85. This station has six neighboring A¥I&ion located within 35 km: ACKI, IFAI, KTBI, &8, RGBI
and ROBI (Figure 31, Figure 57, Figure 58, Figu@eBigure 77 and Figure 78). The air temperatuegy point and
wind speed time series appear to be appropriate matanomalies and compares favorably with therattaions.
The dew point and depression exhibit the behawpsfations located in a slightly arid irrigatediagltural setting
and appears to be similar to most of the otherostst The precipitation record is similar to théeast stations and
September 23 event of 35 mm is supported by the closest statidime solar radiation appears to correct when
compared to “clear sky” R ratios. The wind speed record does not appeaave Any issues that are not found in
other stations. The period of record, JanuaryutinoNovember, ETis 1386 mm (95% of AWS average) prior to
adjustments. This approximately 350 mm lower thenaverage of the neighboring stations with corepletord.
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Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactediags during
the period from April I through September 80

Salmon, ID (SMYI1)

The SMYI1 station is a RAWS network station. Téiiation is located in the northern section of tielg area
(Path 40 Row 29) and has historically been used METRIC. The wind anemometer height is assumeukt6.1-
meter based on standard RAWS station configuratibhere are no neighboring stations within 35knguFé 86
shows the meteorological data time series assdcvwaith the station. For near real time processihg,station was
assumed to be arid and the ETldahowés applied in the fashion described for CHRI1e Bir temperature, dew
point, precipitation, and wind speed time seriesdbexhibit any anomalies of concern. The soldiation series
looks low when compared to “clear days/Rs, ratios. The prior to adjustment cumulative Jandlrgugh November
ET, for this station was 1139 mm (78% of AWS average).

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 fieh impacted 114 days during the period from Apiithrough
September 30

Snowville West, UT (SNWU)

The SNWU station is part of the AgWxNet/UCC netwarid has been assimilated in to the PN-Agrimet data
archival and reporting system. The anemometerhéigs been assumed to be 3-meters. The metewalltigne
series for this station are shown in Figure 87e $tation has one neighboring station within 35 BinCU (Figure
35). The temperature time series has no anonmetiécompares well with those BLCU. The dew pogpréssion
for this station is lower than BLCU. The solar &t@in series may be slightly low when compareddedr sky”
R¢/Rso ratios. The wind speed series has no anomalgssagpically higher than BLCU. The October ppatition
at SNWU is supported by the precipitation recotdBlaCU and PVLU1. The cumulative January througivBimber
ET, for this station was 1606 mm (111% of AWS averdgged on non-adjusted data and is approximaté€yria
higher than BLCU.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 40 days during the period from Apfithrough
September 30

Stanley RS, ID (STNI1)

The STNIL station is a RAWS network station. Ttation is located in the northwest section ofstugly area
(Path 40 Row 29). The wind anemometer height isirasd to be 6.1-meter based on standard RAWS station
configurations. There are no neighboring statioithiv35km. Figure 88 shows the meteorological date series
associated with the station. For near real tineegssing, the station was assumed to be arid ar@ttdaho k was
applied in the fashion described for CHRI1. Thet@inperature, dew point, precipitation, and windesptime series
do not exhibit any anomalies of concern. The siddration series looks low when compared to “cliay” R/Rso
ratios with the exception of an visual outlier cgbFuary 22°. The wind speeds are low which may be in parttdue
the local topography around the station. The pgoadjustment cumulative January through Noveriierfor this
station was 1089 mm (75% of AWS average).

Adjustments: Solar radiation was adjusted basesbserved clear daysRso ratios. The solar radiation outlier
on February 22 was replaced with clear-sky expected value. Taw goint depression from minimum air
temperature was limited to 6.5 C which impactediags during the period from Aprifthrough September 80

Sugar City, ID (SUGI)

The SUGI station is a INL/NOAA station which PN-Aget has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
89. The station has four neighboring stations witBh km: AHTI, RGBI, RRIl and RXGI (Figure 33, Figu77,
Figure 81 and Figure 83). The air temperature, deint, solar radiation, precipitation and wind speeries exhibit
no anomalies and compare favorably with the neighbostation. The dew point depression from minimaim
temperature is lower typically than the neighbostagions. The solar radiation appears to ok wiempared to “clear
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sky” RJRso ratios. The cumulative January through November f&il this station was 1500 mm (103% of AWS
average) based on non-adjusted data. This is ajpmaiedy 50 mm lower than the neighboring stations.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 16 days during the period from Apfithrough
September 30

Taber, ID (TABI)

The TABI station is a INL/NOAA station which PN-Agret has incorporated into their system. The
anemometer height is 15 m above ground surfacenigteorological time series for this station arevahin Figure
90. The station has two neighboring stations witBinkm: ACKI and FHTI (Figure 31 and Figure 50).eThir
temperature, dew point, solar radiation, precitatand wind speed series exhibit no anomalies @mpare
favorably with the neighboring stations. The devinpdepression from minimum air temperature is Iptwn the
ACKI station but higher than at FHTI. The solariedihn appears to ok when compared to “clear skyR& ratios.
The cumulative January through Novembey 6T this station was 1652 mm (114% of AWS averdgeed on non-
adjusted data. This is approximately 90 mm highantthe neighboring stations.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 29 days during the period from Apfithrough
September 30

Terreton, ID (TERI)

The TERI station is a INL/NOAA station which PN-Agrwet has incorporated into their system. The
anemometer height is 15 m above ground surfacenidteorological time series for this station arevahin Figure
91. The station has five neighboring stations wit3t km: HAMI, KTBI, MNTI, ROBI and TRTI (Figure 53-igure
58, Figure 65, Figure 78 and Figure 94). The anperature, dew point, solar radiation, precipitatimd wind speed
series exhibit no anomalies and compare favoralilly the neighboring stations. The dew point depoesfrom
minimum air temperature is consistent with irrightgeas. The solar radiation appears to ok whemamed to “clear
sky” RJRso ratios. The cumulative January through November faif this station was 1373 mm (94% of AWS
average) based on non-adjusted data. This is ajpmtdy 180 mm lower than the neighboring statiamsrage.

Adjustments: Solar radiation was adjusted baseabgprved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 15 days during the period from Apfithrough
September 30

Filer Fairgrounds, ID (TFGI)

The TFGI station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locatesh
agricultural setting with an anemometer height ofi&ers. The meteorological time series for thé®t are shown
in Figure 92. This station has one neighboring A¥{&ion located within 35 km: TWFI (Figure 95). eTlir
temperature series has an anomaly for minimumeaiperature on September™®8f -26C. Otherwise the air
temperature, dew point and wind speed time seppsar to be appropriate and compare favorably thighother
station. The dew point and depression exhibit #tealvior for stations located in a slightly aridgated agricultural
setting and appears to be similar to most of therostations. The solar radiation appears to hadeahcalibration
adjustment around the middle of July correct whemgared to “clear sky” 8 values. The wind speed record does
not appear to have any issues that are not founthir station. The period of record, JanuaryuphoNovember,
ET: is 1578 mm (108% of AWS average) prior to adjustteeThis is similar to the neighboring station.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impacted&gs during
the period from April ¥ through September 80 The minimum air temperature for Septembef @&s modified to
be the average of the prior and next days.

Tremonton, UT (TRMU)

The TRMU station is part of the AgWxNet/UCC netwatkd has been assimilated in to the PN-Agrimet data
archival and reporting system. The anemometerhéigs been assumed to be 3-meters. The metewalltigne
series for this station are shown in Figure 93e $tation has three neighboring station within 85 €RNU, EVFU
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and LEWU (Figure 40, Figure 46 and Figure 61). @aheand dew point temperature, precipitation, iscdaiation
and precipitation time series have no anomaliescangpares well with those at the nearby statiohs. dumulative
January through November Efbr this station was 1633 mm (112% of AWS averdggged on non-adjusted data
and is approximately 300 mm higher than the neatatjon average.

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios. The dew point depression
from minimum air temperature was limited to 6.5 Biet impacted 69 days during the period from Apfithrough
September 30

Terraton, ID (TRTI)

The TRTI station is a Pacific Northwest Agrimetwetk station. This station is assumed to be locatesh
agricultural setting with an anemometer height ofi&ers. The meteorological time series for thé®t are shown
in Figure 94. This station has five neighboring 8\tation located within 35 km: HAMI, MNTI, OSGIdBI and
TERI (Figure 55, Figure 65, Figure 69, Figure 78 &igure 91). The air temperature, dew point anubvepeed time
series appear to be appropriate and compare fdyoséth the other stations. The dew point and dsgien exhibit
the behavior for stations located in an irrigatgdiaultural setting and appears to be similar tostraf the other
stations. The solar radiation appears to be goahwbmpared to “clear sky”sRvalues. The wind speed record does
not appear to have any issues that are not founther stations. The period of record, Januaryuph November,
ET: is 1486 mm (102% of AWS average) prior to adjustteeThis is similar to the neighboring stations.

Adjustments: Solar radiation was adjusted baseabserved clear daysRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactedi&gs during
the period from April  through September 80

Twin Falls (Kimberly), ID (TWFI)

The TWFI station is a Pacific Northwest Agrimetwetk station and is a historical ETIdaho statiohisTstation
is located in an agricultural setting with an anemater height of 3 meters. The meteorological teaees for the
station are shown in Figure 95. This station haes meighboring AWS station located within 35 km:GIKFigure
92). The air temperature, dew point and wind speae series appear to be appropriate and compaoeafaly with
the other station. The dew point and depressioiibéxhe behavior for stations located in an irtegh agricultural
setting and appears to be similar to the otheiostathe solar radiation appears to need a caidraidjustment when
compared to “clear sky” &values. The wind speed record does not appeaav® &ny issues that are not found in
other station. The period of record, January tghoNovember, ETis 1505 mm (103% of AWS average) prior to
adjustments. This is similar to the neighboringdista

Adjustments: Solar radiation was adjusted baseabserved clear daysfRs, ratios even for the June and July
period. The dew point depression from minimunteinperature was limited to 6.5 C which impactedi2gs during
the period from April I through September 80
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EVFU -- Evan's Farm, Utah
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Figure 46. Evans Farm UT (EVFU) meteorological tiseeies (Est. Tdew = Ave.Tdew).
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Figure 47. Evanston WY (EVTY) meteorological timaiss (Est. Tdew = Ave.Tdew).
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Figure 49. Fishtail MT (FSLM8) meteorological tireeries (Est.Tdew = f(ETIdaKo, Ave.Tdew)).

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

Precipitation (mm/day)

81 | Evapotranspiration in Southern Idaho during 2016---- METRIC



40

30

20

10

Temperature C
o

FTHI -- Fort Hall, Idaho

JA ’l'i\
/

%v..‘A'J nlA V"J‘ C vy o | 5 ";
7T AN \ V '
AR T N7 A
-10 {4 \ \ V\ : -
V
_20 —
30 - = Minimum Air Temperature (C) — Average Dewpoint Temperature (CH
— Maximum Air Temperature (C) —— Estimated Dewpoint
—40 1 1 1 T T T T T T T
lan 2016  Feh 2016 Mar 2016 Anr 2016 Mav 2016 1un 2016 1l 2016  Aua 2016 Sen 2016 Oct 2016 Nov 2016 Dec 2016
FTHI -- Fort Hall, Idaho
10 35
8 30
6
o 25
= 4
(]
-IE 2 20
<
g 0 15
|_
= =2
2 10
-4
—6 5
-8 0

Jan 2016 Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016

40

35

30

25

20

15

10

Solar Radiation (MJ/m~2/day)

5

0

FTHI -- Fort Hall, Idaho

Jul 2016 Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

® ® Rs — Rso*

Jan 2016 Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016
FTHI -- Fort Hall, Idaho

10
Q
E
8
£
I
®
T 6
@
o
=%
)
E 4
=
&
o 2
—
o
>
<

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

T T T T T T T T T T

B . o: s w0 " . ooy O

e o 00, ‘. ° ° ° [ ) [ ) o® [ .0 [ ) °
- o0 O oo ® ® o © o .. ° ... : LY ]
.o;: * : ﬁ...' v *e : *et oo’ ’ *re ..‘ ....’ ® % o
LRI LR SRV S T AT LN M gy P OLEI L
PY o:;% T .'."00 ¢ o.oa .“.“.“ "."‘: ’.0 ::.::{lw
_.__u___u__T__u___u___u__u___u___u___u__'

0
Jan 2016 Feb 2016 Mar 2016 Apr2016 May 2016 Jun 2016

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016
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Figure 51. Grandview ID (GDVI) meteorological tireeries (Est. Tdew = Ave.Tdew).
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GFRI -- Glenns Ferry, Idaho
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Figure 52. Glenns Ferry ID (GFRI) meteorologicaidiseries (Est.Tdew = Ave.Tdew).
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ICHI -- Richfield, Idaho
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IFAI -- Idaho Falls, Idaho
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Figure 57. Idaho Falls ID (IFAI) meteorological grseries (Est. Tdew = Ave.Tdew).

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

Precipitation (mm/day)

89 | Evapotranspiration in Southern Idaho during 2016---- METRIC



KTBI -- Kettle Butte, Idaho
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Figure 58. Kettle Butte ID (KTBI) meteorologicafite series (Est.Tdew = Ave.Tdew).
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LAKU -- Laketown, Utah
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Figure 59. Laketown UT (LAKU) meteorological timer&s (Est. Tdew = Ave.Tdew).
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LDOI1 -- Leadore Creek, Idaho
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Figure 60. Leadore Creek ID (LDOI1) meteorologitale series (Est.Tdew = f(ETidaKo, Ave.Tdew)).
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LEWU -- Lewiston, Utah
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Figure 61. Lewiston UT (LEWU) meteorological timeries (Est.Tdew = Ave.Tdew).
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MALI -- Malta, Idaho
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Figure 62. Malta ID (MALI) meteorological time sesi (Est. Tdew = Ave.Tdew).
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Figure 63. Minidoka ID (MDKI) meteorological timeses (Est. Tdew = Ave.Tdew).
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MNPI -- Montpelier, Idaho
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MNTI -- Monteview, ldaho
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Figure 65. Monteview ID (MNTI) meteorological tinseries (Est. Tdew = Ave.Tdew).
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NCLV -- Clover Valley, Nevada
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Figure 67. Nampa ID (NMPI) meteorological time ser{Est. Tdew = Ave.Tdew).

Precipitation (mm/day)

99 | Evapotranspiration in Southern Idaho during 2016---- METRIC



Temperature C

40

30

20

10

0

-10

ONTO -- Ontario, Oregon

1)

[

-20 §

-30

lan 2016

25

\

A m..‘
A

[NV

V

A&\v\'. . Ll.._’sm“ '}A\i‘\jﬂ‘m

|

= Minimum Air Temperature (C)
— Maximum Air Temperature (C)

— Average Dewpoint Temperature (C{
—— Estimated Dewpoint

Feh 2016 Mar 2016 Anr 2016 Mav 2016 lun 2016

ONTO -- Ontario, Oregon

2016 A 2016 Sen 2016 Oct 2076 Nov 2016 Dec 2016

I I I I I 25

20 |- [

15

10

Ko (Tmin-Tdew) C

|

-5
Jan 2016

Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016

ONTO -- Ontario, Oregon
40 T T

® ® Rs — Rso*
35

30

25

20

15

10

Solar Radiation (MJ/m~2/day)

20

15

10

0

Jul 2016 Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

Jan 2016 Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016

Jul 2016  Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016

ONTO -- Ontario, Oregon

w0 : | : T T T T T T T

w

~ L)

®

T °r ¢ ) . |

° [ )

T 4r ¢ o *e « ° o ° ‘e, ° 1

T .. P . ° ] [B)]

= . o0,y % * ° ° 02 % % ° ¢

> 2‘ ." '&' .'o;":: NI . -0./'.‘:"‘0 .#...o::. . : :. 2, N ..'

o LYY S e ® ‘e %0’ ® ) o A

LA Yo he XM i i B bt A
| | - | A ] 1 i |

0
Jan 2016 Feb 2016 Mar 2016 Apr2016 May 2016 Jun 2016
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Figure 69. Osgood ID (OSGI) meteorological timdese(Est. Tdew = Ave.Tdew).
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RBYM -- Ruby River Valley, Montana
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Figure 76. Ruby River Valley MT (RBYM) meteorologidime series (Est.Tdew = Ave.Tdew).
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RPTI -- Rupert, Idaho
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RRCI -- Arco, Idaho
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Figure 80. Arco ID (RRCI) meteorological time ser{&st. Tdew = Ave.Tdew).
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RRII -- Ririe, Idaho
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Figure 81. Ririe ID (RRII) meteorological time ssi(Est. Tdew = Ave.Tdew).
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RTHI -- Rathdrum Parrie, Idaho
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Figure 82. Rathdrum ID (RTHI) meteorological timaiss (Est. Tdew = Ave.Tdew).
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RXGI -- Rexburg, Idaho
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Figure 83. Rexburg ID (RXGI) meteorological timeiss (Est. Tdew = Ave.Tdew).
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Figure 84. Slate Creek ID (SCFI1) meteorologicaletiseries (Est.Tdew = f(ETIdaKo, Ave.Tdew).
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SHLI -- Shelley, Idaho
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Figure 85. Shelly ID (SHLI) meteorological time igsr(Est. Tdew = Ave.Tdew).
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SMYI1 -- Salmon, Idaho
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Figure 86. Salmon ID (SMYI1) meteorological timeiee (Est. Tdew = Ave.Tdew).
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Figure 88. Stanley ID (STNI1) meteorological tinezigs (Est.Tdew = f(ETIdaKo, Ave.Tdew).
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SUGI -- Sugar City, Idaho
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Figure 89. Sugar City ID (SUGI) meteorological tiseries (Est.Tdew = Ave.Tdew).
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Figure 90. Taber ID (TABI) meteorological time sxi(Est. Tdew = Ave.Tdew).
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TRTI -- Terraton, Idaho
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Figure 95. Twin Falls (Kimberly) ID (TWFI) meteodajical time series (Est.Tdew = Ave.Tdew).
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Appendix B: Synthetic Image Representing March 1, 2016

Synthetic Image for March 1, 2016 and Dormant Season K¢
Clarence Robison and Richard Allen

The interpolation of daily EF (fraction of reference ET) images relies on atainETFF
image absent of missing B data for all pixels. For 2016, due to cloudy atods for much of
the March Landsat images, this initial image isyattsetic image derived from meteorological
data, computed reference evapotranspiration, amtl $arface conditions. The synthetic image
was developed to represent thefEfor the area on March 1, 2016. The scripts usetetermine
daily ET; at meteorological sites are discussed in AppeAdix

The synthetic land surface conditions for the E&R#a are based on the Cropland Data Layer
information for calendar year 2015 downloaded fl©@rmapScap&on March 3, 2016 and shown in
Figure 96.

5 1 SR
Figure 96. Cropland Data Layer for 2015 overlairLbypdsat Path 40 ar‘;d 39 outlines.

Year 2015 was concluded to be a reasonable praxyefar 2016 in terms of late winter —
early spring ground-cover conditions. The surfaggetation identified from the 2015 CDL layer
was translated into vegetation classes found ind&i# as summarized in Table 11. This

2 USDA National Agricultural Statistics Service Clapd Data Layer. 2015. Published crop-specific tmtar
[Online]. Available at https://nassgeodata.gmu.€dopScape/ (accessed March 3, 2016). USDA-NASS,
Washington, DC.

3 Evapotranspiration and Consumptive Irrigation Watequirements for Idaho, Allen, R.G. and RobisonW.
http://data.kimberly.uidaho.edu/ETIdaho
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translation was patterned after translations madgéneration of synthetic images for METRIC
ESPA applications for years 1986 and 2009. Thesclaanslations reduced the number of

vegetation classes to 32 as shown in Figure 97.

Table 11. Cropland Data Layer Type Translation Tédaho Cover Type

CronScane Cover ETidaho Cover CronScane Cover ETidaho Cover
Corn Silage Corn Forest Poplar Trees
Sorghum Silage Corn Cherries Orchard w/gc
Soybeans Dry Beans Peaches Orchard w/gc
Sweet Corn Sweet Corn Apples Orchard w/gc
Pop Corn Field Corn Grapes Wine Grapes
Barley Spring Grain Christmas Trees Willows

Durum Wheat Winter Grain Pears Orchard w/gc
Spring Wheat Spring Grain Open Water Open Water/Ponds
Winter Wheat Winter Grain Perennial Ice/Snow Perennial Ice/Snow
Other Small Grains Spring Grain Developed/Open Space Turf

Rye Spring Grain Developed/Low Intensity Turf

Oats Spring Grain Developed/Med Intensity Mulch

Millet Spring Grain Developed/High Intensity Bare

Speltz Winter Grain Barren Bare

Canola Canola Deciduous Forest Poplar Trees
Flaxseed Canola Evergreen Forest Cottonwoods
Safflower Safflower Mixed Forest Willows
Mustard Mustard Shrubland Sagebrush
Alfalfa Alfalfa/Less Grassland/Herbaceous Range Grasses
Other Hay/Non Alfalfa Grass Hay Grass/Pasture Grass Pasture
Camelina Mustard Pasture/Hay Grass Hay
Sugarbeets Sugar Beets Woody Wetlands Wetlands

Dry Beans Dry Beans Herbaceous Wetlands Wetlands
Potatoes Potatoes Triticale Winter Grain
Other Crops Garden Vegs Carrots Carrots

Misc Vegs & Fruits Garden Vegs Cantaloupes Melons

Onions Onions Peppers Garden Vegs
Lentils Lentils Plums Orchard w/gc
Peas Peas -- Seed Squash Melons
Tomatoes Garden Vegs Dbl Crop WinWht/Corn Winter Grain
Herbs Garden Vegs Pumpkins Melons
Clover/Wildflowers Grass Pasture Dbl Crop Barley/Corn Winter Grain
Sod/Grass Seed Turf Radishes Garden Vegs
Fallow/Idle Cropland Mulch Turnips Garden Vegs

Because the synthetic image represents March 6, 204 spatially interpolated 30-day mean
air temperature from Feb 1 thru Mar 1 was examareticompared to green up thresholds used in
ETIdaho (Figure 98a). In ETIdaho a 4°C 30 day mesnperature is required for initiation of
spring grains and 5°C for green up of pasture aadsgturfs. In ETIdaho alfalfa green up date is
not estimated with a T30 threshold; however, a dative degree day (CDD) threshold of 240 C-
days from January 1 signals green-up. For wintaingr the crop coefficient or ETF)
transitions from a “dormant” type value (0.12) tgraen up value (0.15) at approximately 270 C-
days from Octobersiof the preceding year. For this analysis, greeafuginter wheat is assumed
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Figure 97. ETldaho Surface Cover ClassificationZot5.

to occur at 170 C-Days from Janua® Currently, the meteorological and reference ET,(E
calculation scripts for near — real time METRICrstae collection of AWS data on January 1.
Figure 98b shows the interpolated January basedC&@&ace for the area on March. 1

Based on the 30-day mean temperature and cumubtiyee days shown in Figure 98 and
the thresholds and growing-degree-day algorithras fETIdaho; the vegetation conditions for
March 1, 2016 are estimated to be dormant. Therehsee types of dormant surface conditions
in ETIdaho: bare soil, mulch, and dormant turf. $hine 2015 ETIldaho surface cover
classifications shown in Figure 97 were re-clastedn ETldaho dormant condition for each
vegetation cover (Table 12) as shown in Figurer®®ae assumed to be the dormant conditions
for March 1, 2016.
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30 Day Ave of Tmean
M Below 3C
[ 3CtodC
[[4Cto5C
M Above 5C

Figure 98. (a) 30-Day average mean Air Tempergtaefg — (b) Cumulative degree days since Janua016
(right) on March 1, 2016 based on the provisionateurological data.

Table 12. ETldaho surface cover type and assocaiiadant condition.

C-Days
I Less than 80
G0 te 120
120 to 160
I 150 to 200
I 200 to 240
W Cver 240

Cover Dormant Cover Dormant Cover Dormant
Alfalfa/Less Bare Soil Garden Vegs Bare Soil Canola Mulch
Grass Hay Turf Carrots Bare Soil Mustard Mulch
Grass Pasture Turf Onions Bare Soil Bare Bare Soil
Dry Beans Bare Soil Melons Bare Soil Mulch Mulch
Silage Corn Bare Soil Wine Grapes Bare Soil Range Grasses | Mulch
Sweet Corn Bare Soil Peas -- Seed Bare Soil Sagebrush Mulch
Field Corn Bare Soil Potatoes Bare Soil Wetlands Mulch
Spring Grain Mulch Sugar Beets Bare Soil Cottonwoods Mulch
Winter Grain Mulch Poplar Trees Mulch Willows Mulch
Turf Turf Lentils Bare Soil Water Water
Orchard w/gc Mulch Safflower Mulch
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Figure 99. March 1, 2016 Dormant cover classifamatiased on ETIdaho and
2015 CDL.

To determine the EF (K¢) on March ¥, the K: (ET:F) for the four conditions were calculated
using the procedures outlined in ETldaho and metegical data from automatic weathers
stations in and surrounding the study area. Thedot condition EJF surface was interpolated
from the AWS stations listed in Table 9 and showrdrigure 29 and described in Appendix A,
The spatial interpolation was done using a weigbkfguhe (1/3) and natural neighbor interpolation
(2/3) processes included in ArcGIS. The synthelidcEmage representing March 1, 2016 for the
ESPA (Paths 39 and 40) was constructed by samiblexgppropriate interpolated raster based on
dormant cover classification shown in Figure 99 enshown in Figure 100.

ET/F (or K¢) for the ETgano dormant conditions was calculated as a mixturggfrom the
soil surface water balance for assumed bare afg¢hs ground surface and residual evaporation
(0.1) from the organic cover. The “effective covevas adjusted to meet the upper thresholds
documented in the ETIdaho report whesg=Kl. (page 170).

Water 0.6
Bare Soil k: 0.1<(1.0-0.00*K+0.1<=0.9
Mulch K¢: 0.1<(1.0-0.25)*K+ 0.1 <=0.85

Dormant Turf K: 0.1<(1.0-0.30)*K+ 0.1 <=0.80
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Figure 100. Synthetic ETrF image for March 1, 2016
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Appendix C: METRIC Daily ET.F Images
Ricardo Trezza and Carlos Kelly

Path 39

Daily ET,F maps for path 39 are shown in Figure 101 to feidif7.Masked cloud and
shadow areas are shown as blacRhe March 20) and September #8mages are clear, cloud
free.

Figure 101. ETF map for 3/20/2016 (left) and 4/05/2016 (right) fath 39.
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Figure 103. EJF map for 6/08/201 (left) and 6/24/2016 (right) path 39.
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Figure 105. EFF map for 7/26/2016 (left) and 8/03/2016 (right) fath 39.
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Figure 107. EJF map for 9/28/2016 for path 39. The image isrclea
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Path 40

Daily ETrF maps for path 40 are shown in Figure 1®&igure 115. Masked cloud and
shadow areas are shown as blackhe September image was clear, cloud free.

Figure 108. EWF map for 3/19/2016 (left) and 4/12/2016 (right) path 40.
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Figure 110. EWF map for 6/23/2016 (left) and 7/01/2016 (right) path 40.
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Figure 111. EJF map for 7/09/2016 (left) and 7/17/2016 (right) fath 40.

Figure 112. EJF map for 7/25/2016 (left) and 8/02/2016 (right) fath 40.
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Figure 113. EJF map for 8/10/2016 (left) and 8/18/2016 (right) fath 40.

Figure 114. EJF map for 9/11/2016 (left) and 9/19/2016 (right) fath 40.
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Figure 115. EWF map for 9/27/2016 (left, cloud free) and 10/21&(¢right) for path 40.
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Appendix D:
Steps for Stacking, Projecting and Mosaicking EROS Satellite Raster
Images for METRIC Processing
Carlos Kelly and Ricardo Trezza, January 2017

METRIC utilizes order specific 7-layer spectralteasmage in order to run its models. Table
1 shows the individual spectral bands acquireddbly bandsat 7 and 8, respectively, that METRIC
uses in its processing. In Idaho, each path/roeksthimage needs to be re-projected to IDTM83
as required by IDWR. Finally, each path/rows(sprejected image needs to be mosaicked to
create a path specific raster image for each gatdite. The ESPA 2016 METRIC application is
comprised of paths 40 and 39 where each path osntiaiee rows (29, 30, and 31). Below is a
short description of the necessary steps to craatester image that METRIC utilizes in the
generation of ET maps: 1) stacking; 2) re-projetct@nd 3) mosaicking. These steps ensure that
each pixel has the same spatial resolution (301@nx) 3geo-registration, and geo-locati@rote:
it's assumed that the METRIC operator is familiarith either ArcGIS or ERDAS functions. The
terminology for ERDAS might differ from ArcGIS. Forexample, ERDAS stacking function is called
composite band in ArcGIS.)

Step 1: Stacking the Landsat Images

Landsat images to be used for METRIC processingt ieisstacked as a seven-layer file
arranged in aspecific order” (order matters This order is needed to be an input for METRIC
processing. Table 1 shows the exact order of thd$depending on the platform used:

Table 13. Order of the Landsat layers used for MEETRrocessing

e
Description Landsat 5 Landsat 7 Landsat 8
Layer1 Visible{blue) Band 1 Band 1 Band 2
Layer2 Visible {green) Band 2 Band 2 Band 3
Layer 3 Visible (red) Band 3 Band 3 Band 4
Layer 4 MNearinfrared Band 4 Band 4 Band 5
Layer 5 SWIR—1 Band 5 Band 5 Band 6
Layer 6 Thermal Band 6 Band 6_1 (low gain) Band 10
Layer 7 SWIR—-2 Band 7 Band 7 Band 7

SWIR = Short Wave Infrared

The stacking process can be performed in ERDASyubm functionRASTER - Spectral >
Layer stack

Step 2. Projection of the stacked images to Idaho Transverse Mercator
(IDTM83)

Original Landsat images from USGS come in a UTMamtion. For METRIC processing in
Idaho applications, these stacked images must-peojected to IDTM83. Figure 116 shows the
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attributes of IDTM83. Re-projection of the imagesperformed using the ERDAS re-projection
tool. The characteristics of the IDTM83 projectican be seen in the image metadata, after re-
projection is completed:

Geperal  Projection  Histogram  Pikel data

Projection Type: |Transverse b ercator

Sphercid Marme: |GH5 1580
Spheraid Axiz |53?81 A7.000000, B356752. 314140
D aburn Mame: |N-"1"-D33

D atum Parameters:

‘D.EIEIEIEIEIEI, 0.000000, 0.000000. 0000000, 0.000000, 0.000000, 0.000000

Scale factor at central meridiarn: |0. 993600

Longitude of central meridiarn: |1 14:00: 00, Q00000
Latitude of origin of projection: |42:00:00.000000 M
Falze easting: |EEDDDDD.DDDDDD meters
Falze northing: |1 200000000000 meters

Figure 116. General attributes of the IDTM83 gapdic projection.

Once ERDAS is opened, go RASTER - Re-project and choose the following in the “Re-
project Images” window. Pay close attention toatjabox shown in Figure 117 specifically the
contents of red boxes:

Categornas:
Z4EAZ30, 000000 . 27E0930,000000 -
US State Plane - IDTM-NADE3 | @ z z
Sy 1601:220.000000 = 1063350.001 673 =
Prajechion - =
IDTH v _
Dutpadt Cell Sizes:
Unite | Maters w | [ Ignore Zeaa in Stats. " [0 noonooonoo « | . | 30,0000000000
'] Fosce Square Fixels on Aeprojection | #
Rezample Mathod MNearzst Heighbor b ]

(®) Rigorous Trancfermation |0 Poluromial Apprasimation

b Srap peeel edges by () raster mage () & poir

e 0100 =

w (150000000000 |
l v @ . [150000000000 |

Combrive Approximation Figorous Transicimahan

Figure 117. Re-projecting Landsat images to IDTdhg ERDAS

Step 3: Mosaicking Images

Upon re-projection to IDTM83, the images (differeoivs for the same date and path) can be
mosaicked using the ERDAS mosaic t(RASTER - Mosaic.

The images to mosaic, for example row 29, 30, dnébBPath 39 are added to the mosaic
tool window. Then, in the mosaic window, go PROCESS - Run mosaic
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